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(57) Abstract 

A suturing apparatus (10b) is adapted for joining two objects (281, 283) which define a near side (27b), and a far side (30b). The 
apparatus includes an elongate support structure (47b) having a working channel (54b). The structural support is adapted to be positioned 
over a guide wire (21b) extending between the two objects. Removal of the guide wire (21b) permits use of a stylet for positioning a suture 
(291) to extend within the working channel (54b) from a proximal to a distal end. A pair of hooks (70b, 72b) are movable fronra proximal 
position at the proximal end of the support structure through the objects, and a pair of slots (167b p 170b) in the support structure, to a distal 
position wherein the hooks (70b, 72b) engage the suture (291) within the working channel (54b) at the distal end of the support structure. 
The actuator (285, 287) is then operable to move the hooks (70b, 72b), the engaged suture (291) from the distal position to the proximal 
position in order to facilitate tying of the suture, and joining the two objects. 
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tmprovft) simjRTNG APPARATU S ANP METHQP 

to Related Application 
5 This Application is a continuation-in-part of U.S. Patent Application Serial 

No. 08/926,875, filed on September 10, 1997, and entitled "Suturing Apparatus and Method". 

B fflfrg!1ffln ri aTlH yie1<1 of the Invention 

This invention relates generally to suturing apparatus and methods and, more 
10 specifically, to such apparatus adapted for closing tissue wounds or incisions in a tissue wall. 

pisr-nssion of the Prior Art 

Wounds to tissue of the human body can occur accidentally or by way of an incision 
resulting from a surgical procedure. In either event, the tissue is pierced and the resulting 
15 incision or wound requires closure. The tissue will typically form a body wall having a near 
side and a far side with the incision or wound defined by surrounding tissue. The body wall 
will typically define a body cavity, such as the bladder, or a body conduit, such as a vessel. 
Small wounds or incisions, such as puncture sites, offer particular challenges since the far side 
of the body wall is not readily accessible for suturing. 
20 The closure of a puncture, incision, or access site is desirable primarily to control 

bleeding. In the past, this bleeding has been addressed with manual or digital pressure applied 
externally to the site. Unfortunately, this procedure requires that the individual press on the 
site for an extended period of time. This requires the presence of another person in the 
surgical environment, but also can be very tiring to the individual applying pressure. Weights 
25 have also been applied to surgical sites to provide the pressure indicated. These weights do 
not benefit from the variable application of pressure which the individual can provide in the 
digital pressure technique previously discussed. Clips have been used to facilitate closure of 
wounds. These clips must ultimately be removed in a further step of the process. Plugs and 
adhesives have also been used but these typically leave some projection into the body cavity 
30 or conduit which tends to interfere with the natural flow of fluids. It can be seen that these 
present methods and materials are cumbersome, time-consuming, and potentially problematic. 

An example of such a procedure might be the closure of an incision in the femoral 
artery or vein, the incision being initially made through a percutaneous site in order to 
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facilitate the placement of a catheter. Closure of this incision in the interior blood vessel .s 
complicated by the fact that the percutaneous incision is small and provides little opportunity 
for accessing the interior of blood vessel. Furthermore, the incision is in a vessel wall, the 
near side of which can be accessed, but the far side of which is generally inaccess,ble. 
5 In the past, sutures have been placed by enlarging the percutaneous toon, and 

holding it open with graspers in order to view and access the interior vessel. Using a curved 
needle, the suture is placed by entering the near side of the vessel wall on one side of the 
incision, exiting the far sideofthat wall, entering the far side of the wall on the overside of 
the incision, and exiting that wall on thenear side. Tying the two ends ofthe suture draws the 
to opposingsidestogether,closingthewoundorincision. Tnis can be accomplished only with 
considerable trauma to the patient. The process is very difficult to perform in the htmted 
space available and the resulting suture is often ineffective. 

Suturing devices for closing of vascular puncture sites have also been disclosed as 
exemplified by U.S. Patent No. 5,417,699, issued to Klein et al. This device comprises a shaft 
15 which carries an entire needle assembly.through the incision to the far side ofthe wall. 

Needles arepulledproximally back through the surrounding tissue to facilitate closure ofthe 
wound Unfortunately, this device sutures from the inside ofthe vessel and, therefore, 
requires that the bulk ofthe device initially be passed through the wound or incision to the far 
sideofthe vessel wall. Accordingly, mis device is not capable ofaddressing small punctures 
20 or incisions. 



25 



30 



Summpry ofthe Invention . 

These deficiencies ofthe prior art are overcome with the present mvenuon which 
permits the blind or visually unassisted suturing of interior wounds or incisions. There ? s no 
need to enlarge the percutaneous incision, or otherwise use retractors in order to v,ew and 
access the interior wall. Furthermoie, there is no reouirement for introducing an entire needle 
assembly through the incision to the far side ofthe wall in order to place the suture. Needle 
access need only be accommodated from the near side of the wall, which is more really 
available. After me sutures are placed, me device can be removed through 
incision leaving multiple suture ends which can be tied with portions extending through the 
wound thereby facilitating a desirable abutting relationship between the sides ofthe uuasum. 
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The apparatus is particularly useful in closing an interior incision used for aeeesstag an 
^ or vein with a cathetea. Using the guidewire initially inserted to facilitate placemen, of 
*. catheter, ft. device of this invention can be guided into the incision and the sururea placed 
blindly, without viewing the interior site. 

to una context, access to fee far side of d>e body wall (Ore vessel wall in this case) ts 
extremely limbed. Accordingly, prefened embodiments of dtcpresen. invention typtcally 
Mode an elongate tube hiving an axis extending berween a proximal end and a dtstal end. A 
reiver is disposed a, the distal emi of the rube and provided with a low-profile stale 
facilitating its insertion through the wound or incision, and provided wUh a high-profile sUte 
„ .oaddsuncnsra.suppon.ometissneondteftrsid.ofm.bodywall. Tbe receiver may 
comprisetmen^glemen.sm.co.r.suchasawovenornon.wovenmaterialormesh. Iltnay 

abo comprise some other mass which might include an eUstomeric material, foam, or some 
odter mend or plastic sumre-grasping mechanism. A sumre is provided with a firs, end and a 
second end Cturient in me fonn of neeri.es are threaded with the firs, end of the sumre and 
15 are ^ble W mtinducemefirs,endofm.smn I e*ngan«mepamfi,mmeneasride to 

the far side of the body wall. 

to preferred embodimenu dte receiver is expandable torn me pad. of the needle on me 
farsideofmebodywallm^gageandcapmmmefirs.endofmesuone.Wh^meapparams 

is withdrawn, tite receive pulls d>. find end of the sumre back through the incision bringmg 
2 „ ihefimtemiastdmes^ndendofuKsnnrmm.oproxWv.ofaciBraselmo.^ng. Tins 
^tus is simple and inexpensive u> manufaensre. The low-profile sod. of the teceiver 
mak es me apparams pardcnlarly sudabl. for small incisions such as puncbues and access 

^ A^needleemlmdimemofmemventionpmvideafomsumreendswmch facilitide 
25 ^ofanovelsun^taotwhe^nm.firs.endsofeacbsnmre^etiedt.fonna.oopand 

the second ends of each sumre are .headed through me loop ftom opposite directions and tied 

wid, , square tamt The resulting knot provides perfect alignment and an abutting relationshtp 

between die opposing edges of die surrounding tissue. 

to one aspect of the invention, dte suturing apparams includes an elongate support 
M sm.cmmhavinganaxisex.endingbertveenapmximalendand.disodend. Areeetver 

dispose a, tbe dirtal end is sized and configured ,o fit duough the small incision and ,o 
pn.vide smtctura, support for dte tissue on me far side of dm body wall. One end of a sumre 
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expanded**, ni-i-S. toch^aa »^ 

of to appals carries the suta* end «uou g b *« W- - MiUK ^ «"* 
construction to close the incision. 

to an routed m«hod for Cosing the incision, the receiver is inserted through the 
^on n^^ne^^of^h^y^^to^sid.of^bony^.m^of. 

^ is moved tat the near side duough the sunounding tissue and embedded tn the 
^veronn.efarsideofUrehc^waiLAaernrereeeivercapn^d.e^endofnresnnne, 

i, can be withdrawn from the far si deofnrewa 1 .Unnn 8 h*einc W onb™gingu««rs,endof 
,„ u.e^eex.enoHyofthena.ien.hrtoproxhnitywidt.heseeond^ofd.esnnne. Anove, 

edees of the incision. 

k a father aspect of the invention the sunning device is adapted fo, dosng a wound 
15 ^^b^ap^end^.tollnt.disul^^^heing^fcr 

dssue. A*iM.i.**«-»*- i - -,tt '* ,, " , ':r" 

oear side of the body tissue into the hoUow « end of the shafc A seennd «*«J-^ 

THeauturecenuKnuetiedonthenearsideofu^bodynssuetoOosethew^ 

atapoaiUononu.en^side.fu.ehodynssu.toasecondpoaiUononn.e^s.deof^ 

oodyLe. Til 
2S .polnofu.e^te^eenu.^posiUon-dsecondposidon. Tbe second style, ts 

L to move dte sunue porton to the firs, position. The fast and second -*-»-»• 

the second position. 

.nanaddi.iona.aspcctof.h.invendon.unefirs.styWincludeaportro^defin.nga 
^^fitefitatpo^fio.^d.es^posifion.^s^a^inc.udeapoH.ons 
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» witindraw to suture ftom to far side m««-M« 

ft, a timber aspec. of the invention, to fir,, style, is movable along a firs. pad. to cany to 

s „,„r= from .he near side of to body .issue to to far side of to body toe. The second 
s ry ,e,i S movab.ea 1 o„ B aseco„dpad..oe„gagea«sub J reon tt «fars i d«ofd,ebody to e 

and .o move .be suture .o to near side of.be body Issue. At leas, one of to firs.p«b and 
to second palh is curved on die far side of the body tissue. 

in sUll a farmer aspec. of ore invention, an associated memod include, the slep of 
providing me bo.low distid end of to shaft wftb firs, and s«ond guide sl«s. The sutiue ,s 
anached .o me firs, s,y.e. on to near side of me body tissue and a portion of me sntine moved 
b y 0,. firs. .0 .he far side of me body tissue. A second «M is moved .0 to far s,de of 
to body .issue where ,. engages to smure portion. Moving to second flyleti and to 
engaged sunne portion, from to far side .o to near side of to body tissue, permfts to «ymg 
oftosumremclosetovround. Transfer of to smure portion ftom to fit* style, to to 
second can occur b«ween to gnideslo^cbr^y be opened n, dosed a. to ds^al 



end of the shaft. 

,„ ye, a further aspec. of to invention, a sunning appruatos includes an elongato 
.ppo^.urebavlngawoddngcbam.e.anda.axi.e^gbem^.proxnna.^dtoa 

M end. Asumreisdisposednstoworkingchannel and forma atl.as.one ,oop atto 
„ disulendoftoworkingchannel. A pair of books arc movable betiveen a proximal position 
a. to proximal end of to suppor, sttucmre and a disUl position « to disto! end of to 
suppor.stinc.ure. A. least one actuator is provided at to proximal end of to support 

totodistol position v.hereintob^toextondto^gagetosumremtowoHangcbanne!. 
2S The ae.ua.or is ton opemb.e to remove to hooks and to engsged sutore ftom to Ml 
po^on.tin.ugbtoobj^tobesubn^mtop^pos^wh"^^^ 
oed In an associa.ed metod, to books are moved toongh a pair of objec« to be sunned, 
and .hmugh a pair of slo* i. to support structure to engageto sunnewimJn to«odnng 



channel. 

30 



channel. 

These and otor features and advances of to invention will become more apnaren. 
wfth a discussion of preferred embodiment and reference to to associated drawngs. 
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r>i»«; ? r iptmn o f th* drawings \« 

Fig 1 is a perspective view of a paugnt having an-incision-at-an interior blood vessel, 
and a suturing apparatus of the present invention operable to close the resulting incision; 

Fig. 2 is an enlarged-perspective view of a preferred embodiment of the wound- 
closure apparatus of the present invention; 

Fig 3 is a radial cross-section view taken along lines 3-3 of Fig. 2. 
Figs. 4 - 10 are a series of side-elevation views illustrating a method of wound closure 
associated with one embodiment of the present invention; 

Fig. 4 is a side elevation view illustrating the wound-closure apparatus with an 
elongate sheath, and a distal tip inserted through the incision; 

Fig. 5 is a side elevation view similar to Fig. 4 and illustrating the distal tip in an 

advanced position; 

Fig. 6 is a side elevation view similar to Fig. 5 and illustrating a suture-engagement 
mechanism in a deployed, high-profile state; 

Fig. 7 is a side elevation view similar to Fig. 6 and illustrating the distal tip in a 

retracted position; 

Fig. 8 is a side elevation view similar to Fig. 7 and illustrating the deployment of 
needles and sutures through the engagement mechanism; 

Fig. 9 is a side elevation view similar to Fig. 8 and illustrating the engagement 
mechanism withdrawn into the sheath of the apparatus; 

Fig. 10 is a side elevation view illustrating the apparatus removed from the patient 

leaving the sutures in place for tying; 

Fig. 1 1 is an axial view partially in section of a preferred embodiment of the apparatus 
prior to advancement and deployment of a mesh engagement mechanism; 

Fig. I2isaaxial cross-section view similar to Fig. 11 and illustrating the engagement 

mechanism in its deployed state; 

Fig. 13 is an end-view taken along lines 13-13 of Fig. 12 and showing the engagement 

mechanism in the path of the needles; 

Fig. 14 is an axial cross-section view similar to Fig. 12 and illustrating the needles and 

30 sutures deployed through the engagement mechanism; 

Fig. 1 5 is an axial cross-section view similar to Fig. 14 and illustrating the needles and 
engagement mechanism retracted with the suture ends captured in the mechanism; 



25 
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Fig. 1 6 is a side elevation view of a further embodiment wherein the engagement 
mechanism comprises foamahd is illustr ...^in-its-advaneed-low-pro&le-state; *r_ ... 
Fig. 17 is a side elevation view similar to Fig. 16 illustrating the foam engagement 

mechanism in its deployed state; 

Fig. 1 8 is a side elevation view showing the foam engagement mechanism deployed 
and the needles and sutures ends advanced for capture by the mechanism; 

Fig. 19 is an axial cross-section view of a further embodiment wherein the suture 
engagement mechanism is formed of a solid material such as rubber, 

Fig. 20 is a side elevation view illustrating the rubber mechanism deployed with the 
needles and suture ends extending through the mechanism; 

Fig. 21 is a side elevation view similar to Fig. 20 with the needles retracted and the 
suture ends captured in the expanded suture engagement mechanism; 

Fig. 22 is a side elevation view of a further embodiment wherein the engagement 

mechanism is formed as a balloon; 

Fig. 23 is a side elevation view similar to Fig. 22 wherein the engagement balloon is 

punctured by the needles into a collapsed state; 

Fig. 24 is a side elevation view similar to Fig. 23 wherein the suture ends are captured 

in the collapsed balloon mechanism; 

Fig. 25 is an axial cross-section view of the deflated balloon mechanism retracted with 

20 the suture ends captured in the mechanism; 

Fig. 26 is a perspective view of a further embodiment of the sheath of the device 
wherein the needle lumens extend into the working channel of the sheath; 

Fig. 27 is a radial cross-section view similar to Fig. 3 but taken along lines 27-27 of 



10 



15 



25 



30 



the embodiment of Fig. 26; 

Fig. 28 is an exploded view of the embodiment illustrated in Fig. 26 having a 
removable suture engagement mechanism and a removable needle assembly; 

Fig. 29 through Fig. 37 relate to an additional embodiment of the invention, includmg 
a hollow shaft and a plurality of stylets; 

Fig. 29 is a top plan view in axial cross-section of the additional embodiment; 

Fig. 30 is a side-elevauon view of the additional embodiment illustrating a pair of 
guide slots in the shaft; 
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Fig. 3 1 is a top plan view illustrating the hollow shaft extending through the wound 
and a pair of suture-manipulating stylets; 

Fig. 32 is a top plan view illustrating one of the stylets in an advanced position; 
Fig. 33 is a top plan view illustrating a second stylet in an advanced position 
5 permitting engagement of a suture by the first stylet; 

Fig. 34 is a top plan view illustrating the second stylet being retracted with the suture 

engaged by the first stylet; 

Fig. 35 is a top plan view illustrating the first stylet retracted along with the engaged 

portion of the suture; 

,0 Fig. 36 is a top plan view illustrating both stylets fully removed to a retracted position; 

Fig. 37 is a top plan view illustrating withdrawal of the suturing device from the 

wound; 

Fig. 38 and Fig. 39 illustrate a further embodiment of the device having guide slots 
opened at the distal end of the shaft; 
15 Fig. 38 is a top plan view of the further embodiment; 

Fig. 39 is a side-elevation view further illustrating the open-ended guide slots in the 

shaft; 

Fig. 40 is a top plan view illustrating an embodiment of a handle assembly and suture- 
operating mechanism which could be adapted for use with either the additional embodiment 
20 of Fig. 29 or the further embodiment of Fig. 39; 

Fig. 41 through Fig. 46 illustrate progressive method steps in the operation of a stylet- 
operating assembly; 

Fig. 41 is a top plan view of the stylet-operating mechanism prior to deployment of the 



25 



stylet; 

Fig. 42 is a top plan view of the stylet-operating mechanism when the first stylet is 



deployed to its advanced position; 

Fig. 43 is a top plan view of the stylet-operating mechanism when the second stylet is 

deployed to its advanced position; 

Fig. 44 is a top plan view of the stylet-operating mechanism with the second stylet 

30 withdrawn to its retracted position; 

Fig. 45 is a top plan view illustrating the first stylet withdrawn to its retracted position; 
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Fig. 46 is a top plan view similar to Fig. 45 after deployment and withdrawal of the 

stylets; 

Fig. 47 is an end view of a further embodiment of the invention including a suture- 
transfer mechanism; 

Fig 48 is an end view similar to Fig. 47 and illustrating second stylet in an advanced 
position and operation of the suture-transfer mechanism to engage the suture loop on the 
second stylet; 

Fig 49 is an end view similar to Fig- 48 and illustrating operation of the suture- 
transfer mechanism to move the suture loop from the second stylet toward the first stylet; 

Fig. 50 is an end view similar to Fig. 49 and illustrating operation of the suture- 
transfer mechanism to position the suture loop next to the first stylet; 

Fig. 51 is an end view similar to Fig. 50 and illustrating advancement of the second 

stylet to engage the suture loop; 

Fig. 52 is an end view similar to Fig. 51 and illustrating engagement of the suture loop 

by both the first stylet and the second stylet; 

Fig. 52A is a side elevation view of two separate pieces of tissue having a relatively 
thin configuration and joined by the suturing apparatus of the present invention; 

Fig 52B is a side elevation view similar to Fig. 52A wherein the tissue pieces have a 
thicker configuration andahollow distal upofthe device agent creating an area of separadon; 

Fig. 53 is a side elevation view of the vessel illustrating four suture ends after removal 

of various embodiments of the device; 

Fig. 54 is a side elevation view similar to Fig. 53 and illustrating the tying of a first 

knot to form a loop; 

Fig. 55 is a side-elevation view similar to Fig. 54 and illustrating formadon of a suture 

Fig 56 is a top, plan view of the suture loop of Fig. 54 illustrating a first sule and a 
second side of the loop and a method for threading of the loop from opposite sides with the 

free ends of the sutures; 

Fig 57 is a side-elevation view similar to Fig. 53 with a novel suture knot loosely ned 
to illustrate a figure-eight configuration with portions of the suture extending through the 
incision to facilitate an abutting relationship between the edges of the incision; and 
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Figs. 58 - 66 illustrate a further embodiment of the invention and steps in a preferred 

method of operation; 

Fig. 58 is a top-plan view in axial cross-section of the further embodiment of the 

wound-closure apparatus; 
5 Fig. 59 is a side-elevation view of the apparatus of Fig. 58; 

Fig. 60A is a side-elevation view of the apparatus operatively disposed relative to a 

vessel; 

Fig. 60B is an enlarged view of the operative area of Fig. 60A; 

Fig. 61 A is a side-elevation view similar to Fig. 60A and illustrating a pair of hooks 

10 being actuated to retrieve a suture; 

Fig. 61B is an enlargement of the operative area of Fig. 61 A; 

Fig. 62A is a side-elevation view similar to Fig. 61 A and illustrating tensioning of the 

suture around the hooks; 

Fig. 62B is an enlarged view of the operative area of Fig. 62A; 
15 Fig. 63A is a side-elevation view similar to Fig. 61 A and illustrating retraction of the 

hooks with the engaged suture; 

Fig. 63B is an enlargement of the operative area of Fig. 63 A; 
Fig. 64A is a side-elevation view similar to Fig. 63A and illustrating the device in a 
removed position with two ends and two loops of the suture available for tying; 
20 Fig. 64B is an enlarged view of the operative area of Fig. 64A; 

Fig. 65 is a side-elevation view of a wound-closure device adapted to suture two 

pieces of abutting tissue; 

Fig. 66 is a side-elevation view of a wound-closure device adapted to suture an object 

to tissue; 

25 Figs. 67-71 illustrate a further embodiment of the invention and steps in a preferred 

method of operation; 

Fig. 67 is a top-plan view similar to Fig. 58, in axial cross-section and illustrating a 
further embodiment of the wound-closure apparatus; 

Fig. 68 is a top-plan view in axial cross-section similar to Fig. 67 and illustrating the 
30 use of hooks to introduce suture loops into the working channel; 

Fig. 69 is a top-plan view in axial cross-section similar to Fig. 68 and illustrating 
withdrawal of the hooks from the working channel; 
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Fig. 70 is a top-plan view in axial cross-section similar to Fig. 69 and illustrating 
deployment of a snare through the working channel and beyond the suture loops; 

Fig. 71 is a top-plan view in axial cross-section similar to Fig. 70 and illustrating 
withdrawal of the snare and the engaged suture loops through the working channel; 
5 Fig. 72 is an axial cross-section view of a single-needle embodiment of the invention 

particularly adapted for open-surgery conditions; 

Fig. 73 is an axial cross-section view illustrating a combination including pledgets, 
and showing the needles disposed in a withdrawn position; 

Fig. 74 is an axial cross-section view of the Figure 73 embodiment showing the 

10 needles in an advanced position; and 

Fig. 75 is an axial cross-section view of an embodiment including a radial enlargement 

or backing. 

p^mi ption of Pre ffflrrfd, Fmhodiments 

is a nH Rest Mode of the Invention 

A suturing apparatus is illustrated in Figure 1 and designated generally by the 
reference numeral 10. This apparatus 10 is particularly adapted for use in closing an interior 
wound or incision 12 of a patient 14. In Figure 1, the incision 12 is made in a wall 16 of the 
femoral artery, vein, or other vessel 18 in preparation for the insertion of a catheter (not 

20 shown). Access to the interior vessel 18 is gained percutaneously through a cut 23 in the 

skin 25 of the patient 14. 

In a manner well-known to those skilled in the art, the incision 12 is created in the 

wall 16 and a guidewire 21 is introduced into the vessel 1 8. This guidewire 21 facilitates 

insertionofthecatheter(notshown)overtheguidewire21 and into the vessel 18. The 
25 present invention contemplates closure of the incision 12 after this primary procedure has 

been completed and the catheter removed. 

In the illustrated example, the wall 16 of the vessel 18 is merely representative of any 

facial or tissue wall having a near side 27 and a far side 30, which may or may not require 

access through the skin 25 of the patient 14. The concept will be particularly appreciated in 
30 those situations where the far side 30 of the tissue wall, such as the vessel wall 16, is generally 

inaccessible. 
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With further reference to Figure 1, it can be appreciated that the suture apparatus 10 is 

particularly adapted- for-the placement-of-sutures-32 and34-around the incision 12. After the 

sutures 32, 34 are placed, the apparatus 10 can be removed from the patient 14 leaving the 
four ends of the sutures 32, 34 extending through the percutaneous cut 23. This can be 

5 accomplished without enlarging the percutaneous cut 23, without viewing the vessel 1 8, and 
without accessing the vessel wall 16 either from the near side 27, or the far side 30. A novel 
knot construction or bolster can be tied in the four ends of the sutures 32, 34 and slipped into 
position to close the incision 12. 

A preferred embodiment of the suture apparatus 10 is illustrated in the enlarged views 

10 of Figures 2 and 3. From these views it can be seen that the apparatus 10 will typically have 
an elongate configuration and an axis 41 between a proximal end 43 and a distal end 45. A 
sheath 47, disposed at the proximal end of the apparatus 10, terminates in a distally-facing 
surface 48 and includes a pair of needle channels 50, 52 and a central working channel 54. A 
handle assembly 56 is disposed at the proximal end 43 of the apparatus 10 and includes a 

15 handle 58 and various triggers or finger tabs 61, 63, 64, and 65 which are movable thereon to 
operate the suture apparatus 10. 

A pair of needles 70 and 72 are movable axially through the needle channels 50 and 52 
by operation of the finger tabs 61 and 65, respectively. The suture 32, including suture 
ends 74 and 76, and the suture 34, including suture ends 78 and 81, are threaded through the 

20 respective needles 70 and 72. In this manner, the sutures 32, 34 extend through the 
apparatus 10 from the proximal end 43 to the distal end 45. 

The needles 70, 72 are movable between proximal positions and distal positions by 
operation of the respective finger tabs 61 and 65. In the proximal position, the needles 70, 72 
are disposed proximally of the sheath surface 48. In the distal position, the needles 70, 72 

25 extend distally of the surface 48. 

Of particular interest to the suture apparatus 1 0 is a suture engagement mechanism 85 
which is movable within the working channel 54 between a proximal position and a distal 
position by operation of the finger tab 63. The engagement mechanism 85 in this particular 
embodiment includes a shaft, or a tube 87 having a through lumen 90. An expandable 

30 structure 92 is disposed around the tube 87 and is moveable by operation of the finger tab 64 
between a radially-contracted, low-profile state illustrated by the solid lines 94 in Figure 2, 
and a radially-expanded, high-profile state illustrated by the dotted lines 94( in Figure 2. In 
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this embodiment, the expandable structure 92 comprises a tubular mesh with a proximal 
end 96 fixed to the sheath 47 and a distal end 98 fixed to the tube 87. Initially, the expandable 
structure 92 is inserted through the wound 12 in a low-profile state. On the far side 30 of the 
wall 16, this structure 92 can be expanded and brought into contact with the wall 16. In this 
position, the expandable structure 92 provides support for the tissue wall 16. This support is 
particularly valuable in preventing distortion of the tissue wall 16 during penetration of the 
wall 16 by the needle 70, 72. 

Given this general disclosure of a preferred embodiment of the suture apparatus 10, 
one can now refer to Figures 4-10 for a discussion of a method for using the apparatus 10. In 
a typical surgical operation, there may be many procedures involved. For example, a primary 
procedure might include the placement of a catheter through the cut 23 in the skin 25 and 
through the incision 12 into the femoral vessel 18. Since a catheter is not particularly 
steerable, its placement is usually preceded with the placement of the guidewire 21 which 
snaked through the cut 23 and the incision 12 up to the operative site. The catheter is thei 
moved over the guidewire 21 until it reaches the operative site. When this primary procedure 
has been completed, the catheter can be withdrawn. 

At this point; the suture apparatus 10 of the present invention can be used to close the 
incision 12 in the vessel 18. A particular advantage in one aspect of this process involves the 
guidewire 21 which was initially used to guide the catheter in the primary procedure. With 
the guidewire 21 extending through the percutaneous cut 23 and the incision 12, the through- 
lumen 90 of the tube 87 can be threaded onto the guidewire 21 and the apparatus 10 moved 
along the guidewire 32 until the distal surface 48 of the sheath 47 contacts the vessel wall 16. 

It will be noted that the suture apparatus 10 can be moved to this operative position 
merely following the guidewire 21 . The vessel 18 need not be viewed through the cut 23 and 
no enlarged access through the cut 23 need be provided to accommodate needle thread and 
other suturing devices. The entire procedure associated with the suture apparatus 10 can be 
accomplished in this blind environment using the guidewire 21 . 

In Figure 4, the suturing apparatus 10 is illustrated in its operative position along the 
guidewire 21. In this position, the suturing engagement mechanism 85 can be deployed by 
operation of the finger tab 63 on the proximal handle assembly 56. Moving this tab 63 in the 
distal direction forces the engagement mechanism 85 distally of the surface 48 and throu"gh 
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the incision 12. Within the vessel 1 8, this engagement mechanism 85 continues to follow the 
guidewire 21 to the fully-extended state iimiarated in Figure 5. 

With the suture engagement mechanism 85 deployed in its fully-extended state, the 
expandable structure 92 can be moved from its low-profile state to its expanded or high- 

5 profile state, as illustrated in Figure 6. This deployment of the expandable structure 92 is 
accomplished by operation of the finger tab 64 on the handle assembly 56. 

Drawing the suture engagement mechanism 85 proximally by operation of the finger 
tab 63 moves the expanded structure 92 against the far side 30 where it provides structural 
support for the vessel wall 16. This step in the process not only draws the expanded 

10 structure 92 against the far side 30 of the wall 16, but also moves the distally-facing 
surface 48 of the sheath 47 against the near side 27 of the wall 16. Thus, the wall 16 is 
sandwiched between the surface 48 of the sheath 47 and the expanded structure 92, with the 
tube 87 of the mechanism 85 extending through the incision 12. This position of the suture 
apparatus 10 is illustrated in Figure 7. 

15 At this point, the needles 70, 72 can be moved distally within their respective needle 

channels 50, 52 so that they extend distally of the surface 48 and into the expanded 
structure 92 associated with the suturing engagement mechanism 85. This movement of the 
needle 70, 72 is accomplished by operation of the finger tabs 61 and 65, respectfully, and 
embeds the suture ends 81 and 76 in the expanded structure 92. 

20 It will initially be noted that with the wall 16 sandwiched between the surface 48 and 

the expanded structure 92, the needles 70, 72 pass through the wall 16 on either side of the 
incision 12. It will also be noted that in order for the needles to extend into the expanded 
structure 92, this structure must be sufficientiy radially expandable to extend into the path of 
the needles 70, 72. Since the sutures 32, 34 follow the path of the respective needles 70, 72, it 

25 follows that the sutures 32, 34 now extend through the percutaneous cut 23, through the 
wall 16 on either side of the incision 12, beyond the far side 30 of the wall 18, and into the 

expanded structure 92. 

With the suture ends 76 and 81 embedded in the expanded structure 92, the entire 
suture apparatus 10 can be withdrawn from the operative site. This step may or may not be 
30 accompanied with a return of the expanded structure 92 to its low-profile state illustrated in 
the solid line of Figure 2 and designated by the reference numeral 94. The removal of the 
apparatus 10 may or may not be preceded by a step for drawing the expandable structure 92, 
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either in its low-profile or high-profile sta^.proximally back into the sheath 47 by operation 
of the fingertab-637-This step-for movi&= . ^-suture-engagement mechanism 85 proximally 
into the sheath 47 is illustrated in Figure 

The entire suture apparatus 10 is illustrated to be removed from the incision 12 and the 
percutaneous cut 23 in Figure 10. At this point, it will be noted that all four ends 70, 72, 74, 
and 78 of the sutures 32 and 34 are disposed exteriorally of the patient 14. More importantly, 
the suture ends 74, 78 extend on opposite sides of the incision 12 from the near side 27 to the 
far side 30 of the wall 16. The ends 70, 72 of the sutures 32, 34 extend through the 
incision 12 from the far side 30 to the near side 27 of the wall 16. 

A more detailed description of the suture apparatus 10 is illustrated in Figures 1 1-15. 
This embodiment is similar in many respects to that previously described with reference to 
Figure 2, except there is no finger tab 63 or movement of the suture engagement 
mechanism 85 to an extended position as illustrated in Figure 5. Rather, the expandable 
structure 92 has its proximal end 96 attached directly to the sheath 47 and its distal end 98 
attached directly to the inner sheath 47. When the apparatus 10 is placed over the 
guidewire 21, it is moved distally as previously discussed until the distal end of the sheath 47 
and the proximal ends of the expandable structure 92 extend through the incision 12. At this 
point, the expandable structure 92 can be deployed by operation of the finger tab 94( to its 
high-profile state. With proper placement of the distal end of the sheath 47, this deployment 
of the expandable structure 92 will occur on the far side 30 of the wall 16. With the 
structure 92 thus expanded, the needles 70, 72 can be advanced within their channels 50, 52 
by operation of the finger tabs 61, 65. 

With the expandable structure 92 deployed in its high-profile state on the far side 30 of 
the wall 16, the needles 70, 72 can be deployed through the wall 16 on either side of the 
incision 12 and forced through the expandable structure 92. In Figure 12, the respective paths 
of the needles 70, 72 are designated by the reference numerals 101 and 103. From this 
presentation, it can be seen that the expandable structure 92 in its high-profile state extends 
radially beyond the needle paths 101 and 103. With the needles 70, 72 extending through the 
expanded structure 92, as illustrated in Figure 14, the sutures 32, 34 can be advanced by 
merely pushing distally on the proximal ends 74, 78. This advances the distal ends 76 and 81 
of the sutures 32, 34 through the needles 72, 70, into the expanded structure 92 and perhaps to 
a position distal of the expanded structure 92. 
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At this point, the needle 70, 72 can be withdrawn by operation of the finger tab 61 , 65. 
In a preferred method, the distal ends of the needles 70, 72, are drawn back through the 
expanded structure 92, back through the wall 16 and into the respective needle channels 50, 
52, as illustrated in Figure 15. 

5 With the suture ends 81 , 96 extending on the far side 30 of the wall 1 6, the expandable 

structure 92 can be operated to capture these suture ends prior to withdrawal of the 
apparatus 10 from the incision 12 and percutaneous cut 23. As illustrated in Figure 15, this 
capture of the suture ends 76 and 81 can be facilitated by returning the expandable 
structure 92 to the low-profile state, and drawing the structure 92 proximally into the 

10 sheath 47. 

As the suture apparatus 10 is withdrawn from the wall 16, the suture ends 76, 81 
captured in the expandable structure 92 are moved from the far side 30 of the wall 16 back 
through the incision 12 to the near side 27 of the wall 16. As the entire apparatus 10 is further 
removed from the percutaneous cut 23, all four of the suture ends 74, 76, 78, and 81 are 

15 accessible exteriorly of the patient 14 as illustrated in Figure 1 0. 

As the suture ends 76, 81 are placed into the expanded structure 92, it is important that 
these ends 76, 81 be sufficiently embedded in or captured by the structure 92, for them to be 
removed from the surgical site. There is a slight resistance to this movement because the 
sutures pass through the tissue wall 16. As the suture ends 76 and 81 are drawn proximally, 

20 the suture ends 74 and 78 are moved distally through the needles 70, 72 and the wall 1 6. 
In order to facilitate the placement and capturing of the sutures 32, 34 in the 
expandable structure 92, the engagement mechanism 85 can be constructed of various 
materials and operated in various ways: A material of particular interest for the expandable 
structure might include foam, designated by the reference numeral 105. This foam 105 can be 

25 maintained in a low-profiled state as illustrated in Figure 6, but is preferably expandable to a 
high-profile state as illustrated in Figure 17. An expanded structure 92 made of the foam 105 
can be provided as a solid material compressible to its low-profile state, but normally 
expandable to its high-profile state. The foam 105 can also be provided as a balloon-type 
structure having walls which are movable in the manner previously described. The 

30 compressibility of the foam 105 aids in capturing the suture ends 76 and 81 prior to removal 
of the apparatus 1 0 from the surgical site. 
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Another material of particular interest for the expandable structure 92 might include an 
elastic material such as latex or rubber, designated by the reference numeral 107 in Figure 19. 
Forming the rubber 107 with a circumferential bead 109 facilitates deployment of the 
expandable structure 92 into its expanded state as illustrated in Figure 20. In this case, the 

5 circumferential bead 109 facilitates a double-cone configuration for the rubber structure 94(. 
As in the foam embodiment discussed with reference to Figures 16-1 8, the rubber 
structure 94 may be compressible to its low-profile state and automatically expandable to its 
high-profile state. The rubber structure 94 appears to be of particular advantage when the 
needles 70, 72 are advanced to penetrate the structure 92. Particularly in its expanded state, 

10 the rubber 107 will offer little resistance to this penetration by the needles 70, 72. Of even 
further advantage is the proportion of the rubber structure 94 which facilitates capture of the 
suture ends 76, 81 . As the rubber 107 returns to its low-profile state, it tends to grip the suture 
ends 76, 81, firmly capturing them in the engagement mechanism 85. Thus, returning the 
rubber structure 94 to the low-profile state, as illustrated in Figure 21, firmly captures the 

1 5 suture ends 76, 81 in the expandable structure 92. 

Still a further embodiment of the expandable structure 92 might include a balloon 
structure 1 10 as illustrated in Figures 22-25. The balloon structure 1 10 has a low-profile state 
as illustrated in Figure 22, but is inflatable to provide the high-profile state as illustrated in 
Figure 23. This embodiment is of particular interest since the penetration of the inflated- 

20 balloon structure 1 1 0 by the needles 70, 72 punctures the balloon collapsing the balloon 

material around the needles 72, 74 and associated suture ends 76 and 81. Thus, the collapsing 
balloon structure 1 1 0 facilitates capture of the suture ends 76, 81, automatically. When the 
needles 70, 72 are withdrawn from the collapsed balloon structure 1 10, the inherent 
elastomeric characteristics of the balloon material firmly grip the suture ends 76 and 81. 

25 Withdrawing the balloon structure 1 10 into the sheath 47 may further compress the 

structure 1 10 and enhance the capture of the suture ends 76, 81 as illustrated in Figure 25. 

From the foregoing description of various embodiments of the expandable 
structure 92, it should be clear that in most embodiments its purpose is to not only receive the 
suture ends 76 and 81, but also capture these suture ends for ultimate withdrawal through the 

30 incision 12. As noted, this function can be facilitated with different variations and 

embodiments of the expandable structure 92. It should also be apparent that the capture 
function can be facilitated by various embodiments of the sutures 32, 34. For example, the 
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suture ends 76 and 81 can be provided with structures which are easily insertable into the 
expandable structure 92;Aut inhibitremovaLfiom the stracture32^y-way of example, the 
suture ends could be provided with a terminating device having a fish hook or barb 
configuration. Alternatively, the suture ends 76 and 81 could be provided with T-anchors, as 
5 disclosed and claimed by applicant in U.S. Patent No. 5,626,614, issued on May 6, 1 997, and 
entitled T- Anchor Suturing Device and Method for Using Same, which is incorporated herein 
by reference. 

A further construction for the sheath 47 can provide significant advantages in an 
alternative procedure associated with the suture apparatus 10. As illustrated in Figure 26, this 

10 embodiment of the sheath 47 can be provided with needle channels 50, 52 which open along 
their entire length into the working channel 54. A cross-section of this embodiment is 
illustrated in Figure 27 which is positioned next to Figure 3 for comparison. This 
configuration of the sheath 47 facilitates an embodiment of the suture assembly 10 which 
includes a removable needle assembly 112 and removable suture engagement mechanism 1 14, 

15 as illustrated in Figure 28. In this embodiment, elements of structure which are similar to 
those previously discussed will be designated by the same reference numeral followed by the 
lower-case letter "a". 

As illustrated in Figure 28, the proximal end of the sheath 47a can be provided with a 
tab slot 1 1 6, facilitating coupling to the needle assembly 1 12. In this embodiment, the needle 
20 assembly 112 includes the needles 70a, 72a, the handle assembly 56a, and the associated 
finger tabs 61a and 65a. The needle assembly 1 12 removably engages the slot 1 16 in the 
sheath 47a with a tab 1 1 8 operable by a tab release 121 . The working channel 54a of the 
sheath 47a communicates with and extends entirely through the proximal end of the handle 
assembly 56a. 

25 The suture engagement assembly 1 14, also illustrated in Figure 28, is removably 

insertable into this working channel 54a. The suture engagement assembly 114 includes the 
extendable structure 92a, the elongate tube 87a, and a handle structure 123 which includes the 
finger tab 64a. 

Operation of this embodiment of the suture assembly 10 is somewhat different from 
30 that previously described. With the apparatus 1 0 fully assembled, the needle structure 1 10 is 
attached to the tube 147a and the suture retention assembly 114 is inserted into the working 
channel 54a. The apparatus 10 is then inserted through the cut 23 and incision 12, the 
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expandable mechanism 92a is deployed to its high-profile state, and the needles 70a, 72a are 
advanced. In the manner previously disc;, -d, the sutures 32a, 34a are then moved distally 
and the distal ends 76a, 81a captured in the expandable structure 92a. 

At this point in the procedure the suture-engagement assembly 1 14 can be removed 

5 from the working channel 54a drawing with it the distal ends 86a, 81a of the sutures 32, 34. 
The suture ends 76a, 81a emanate from the working channel 54a at the proximal end of the 
needle assembly 1 12, while the suture ends 74, 78 emanate from the needles 70a, 72a at the 
proximal end of the handle assembly 56a. 

The needle assembly 1 12 can now be removed from the sheath 47a by operation of the 

10 tab release 121. In this step of the process, the proximal suture ends 74a, 78a are removed 
from the needles 70a, 72a. Importantly, with the needle channels 50a, 52a, extending into the 
working channel 54a, all of the suture ends 74a-81a now extend from the working 
channel 54a of the sheath 47a which has been left in place. With all four of the suture 
ends 74a-8 la extending through the same working channel 54a, knots can be tied and pushed 

15 through the sheath 47a in its operative position. Thus, the sheath 47a provides access through 
the percutaneous cut 23 in the skin 25 all of the way up to the wall 16. This greatly facilitates 
tying of suture knots without the interference of surrounding tissue. 

Variation on this embodiment of the invention might include the needle assembly 1 12 
and suture engagement assembly 1 14 formed as a single unit which is disengageable and 

20 removable from the sheath 47a. 

In a further embodiment of the invention illustrated in Figure 29, an elongate suturing 
device 130 has an axis 132 which extends between a distal end 134 and a proximal end 136. 
A handle or housing 138 is disposed at the proximal end 136, and a shaft 41 with a hollow 
distal tip 143 is disposed at the distal end 134. 

25 A suture 145 extends from the housing 138 and through the shaft 141 where it is 

manipulated by a first stylet 147 and a second stylet 149, each carried in a respective 
channel 152 and 154 of the shaft 141. These channels 152 and 154 in a preferred embodiment 
are positioned along opposite sides of a working channel 156 which extends axially through 
the shaft 141. 

30 At the proximal end 136 of the device 130, a suture-tensioning mechanism 158 and a 

stylet-operating assembly 161 can be disposed within the handle or housing 138. In the 
manner described in greater detail, below, the stylet-operating assembly 161 enables a user at 
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the proximal end 136 to operate the stylets 147, 149 at the distal end 134. This operation is 
-facilitated by-the-suture- tensioning mechanism'i587in--the:manner described in greater detail 
below. 

With an initial focus at the distal end 134 of the device 130, one can see in the side- 

5 elevation view of Figure 30 that the stylets 147, 149 terminate in distal tips 163, 165, 

respectively, which can be flattened and sharpened. Figure 29 also illustrates a pair of guide 
slots 167 and 170 associated with the stylets 147 and 149, respectively. These guide 
slots 167, 170 are formed on opposing sides of the shaft 141 and provide access into the 
working channel 156 of the hollow distal tip 143. 

10 In Figure 30, the device 130 is illustrated to be operatively disposed with the proximal 

shaft portion 142 extending up to the tissue wall 16 on the near side 27, and the remainder of 
the shaft 141 including the hollow distal tip portion 143 extending through the wound 12 to 
the far side 30 of the wall 16. This enlarged side view is particularly beneficial in illustrating 
the configuration of the guide slots 167, 170 in a preferred embodiment As noted, these 

15 slots 167, 170 extend along opposing sides of the shaft 141 and provide access into the hollow 
interior region of the distal tip 143. The slots 167, 170 are defined in part by distal 
portions 171, respectively, in this embodiment. 

Also illustrated in Figure 30 are a pair of openings associated with the distal tips 143, 
145 of the stylets 147, 149. In the distal tip 165, the opening is formed centrally of the tip 165 

20 in the shape of a hole 172. In the distal tip 163, the opening is formed along the outer side of 
the tip 163 and has the shape of a hook 174. In the manner discussed in greater detail, below, 
the suture 145 is initially threaded through the hole 1 72 of the stylet 149 and ultimately 
engaged by the hook 1 74 of the stylet 1 47. 

This entire procedure is illustrated in the progressive views of Figure 31 through 

25 Figure 38. As was the case with Figure 30, these views illustrate only the distal end 134 with 
the proximal shaft portion 142 disposed on the near side 27 of the wall 16, and the remainder 
of the shaft 141 extending through the wound 12 to the distal side 30 of the wall 16. 

When the suturing device 130 is initially disposed in this operative position, the 
stylets 147 and 149 will typically be retracted into their respective channels 152, 154 in the 

30 proximal shaft portion 142. Alternatively, the stylets 147, 149 can be positioned slightly 

distally of the proximal shaft portion 142 so that the initial placement of the device 130 in its 
operative position forces the stylets 147, 149 through the wall 16 creating respective tissue 
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holes 181 and 183 in close proximity to, hyt on opposing sides of, the wound 12. This 

alternative structure- and methodjs-iHusirr.'. ^in Figure 31. - / .r 

It will also be noted in Figure 3 1 thSrt the suture 145 is preferably threaded to extend 
through the working channel 156 of the shaft 141, through the slot 170 in the shaft 141, and 

5 through the hole 1 72 in the distal tip 1 65 of the stylet 149. 

In accordance with a preferred method of operation, the first stylet 147 is initially 
advanced to an extended position as illustrated in Figure 32. As the stylet 147 is advanced 
within its channel 152, it also advances through the tissue hole 176 as it curves through the 
guide slot 167 to its distal-most position illustrated in Figure 32. It will be noted that, in this 

10 position, the distal tip 163 has preferably passed entirely through the guide slot 167 and 
partially through the guide slot 1 70. The hook 1 72 in the distal tip 1 63 is positioned within 
the distal tip 143 of the shaft 141. 

It is of particular interest to note that the stylet 147 can be formed of a material such as 
Nitinol to provide it with memory characteristics so that the arc, curve, or bend in the 

15 stylet 147 occurs automatically. With these characteristics, the stylet 147 automatically 
moves from a generally straight configuration within the channel 152 to a curved 
configuration so that its path passes through the wall 16 and curves on the far side 30, through 
the slot 167, and across the axis 132. 

With the stylet 147 operatively positioned as illustrated in Figure 32, the second 

20 stylet 149 can now be advanced to its distal-most position as illustrated in Figure 33. In a 
manner similar to that associated with the stylet 147, the stylet 149 is advanced through its 
associated tissue hole 178 and through the guide slot 170 into the working channel 156. 
Preferably, the stylet tip 165 extends across the axis 132 so that the stylet 147 and the 
stylet 149 intersect within the hollow distal tip 143 of the shaft 141 . 

25 With the suture 145 threaded through the hole 172, this movement of the stylet 149 

brings the suture into the working channel 156. Importantly, during this step illustrated in 
Figure 33, the stylet tip 165 passes in close proximity and preferably in contact with the stylet 
tip 163, as perhaps best illustrated in Figure 30. The path of the stylet 149 is also such that 
the hole 1 72 passes around the end of the stylet tip 163 so that the suture 145 carried by the 

30 tip 1 65 is passed over the tip 1 63. 

The importance of this passage of the stylet tip 165 relative to the stylet tip 163 is best 
illustrated in Figure 34 which shows the stylet 149 retracted from the slot 170 into a space 
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relationship with the shaft distal tip 143. If the suture 145 is passed over the stylet tip 163, as 
illustrated in-Figure 33, then-a-suture4oop,-designated by-theireference:n\imeralil 85;/will:. 
remain over the stylet 147 as the stylet 149 is withdrawn. 

The next step in a preferred method is to engage the suture loop 1 85 with the 

5 hook 1 72, and to withdraw the stylet 147 as illustrated in Figure 35. 

Further proximal movement of the stylets 147 and 149 moves the suture loop 185 to 
the near side 27 of the wall 16. It will noted with reference to Figure 36 that the free ends of 
the suture 145 are already on the near side 127, but now an intermediate suture portion, 
designated by the reference numeral 187, extends through the guide slots 167, 170 of the 

10 shaft 141 on the far side 30 of the wall 16. 

Figure 37 illustrates the next step in a preferred method wherein the suturing 
device 130 is withdrawn through the wound 12. In this view, it can seen that the intermediate 
suture portions 187 are engaged by the distal slot portions 171 as the device 130 is moved 
proximally. This engagement by the distal tip 143 of the shaft moves the intermediate suture 

1 5 portions 1 87 to the near side 27 of the tissue wall 1 6. As finally illustrated in Figure 8, this 
removal of the device 130 from the wall 16 leaves multiple suture ends on the near side 27 of 
the wall 16 that can be tied in any configuration desired by the surgeon to close the wound 12. 

A further embodiment of the invention is illustrated in Figures 38 and 39. This 
embodiment is similar to that of Figure 29 except for the guide slots 190 and 192. These 

20 slots 190, 192 are similar to the slots 167 and 170 in Figure 29 in that they extend 

longitudinally on opposing sides of the shaft 141. However, the slots 190 and 192 extend to 
the end of the distal tip 143 of the shaft 141 . There are no shaft portions, such as those 
designated by the reference numerals in Figure 30, to close the distal end of the slots 190, 192. 
The operative effect of this structure is best shown in Figure 39 where the suturing 

25 device is illustrated in a view comparable to Figure 38. In Figure 39, however, it can be seen 
that with the guide slots 190 and 192 extending to the end of the distal tip 143, the 
intermediate suture portions 187 are free to exit the distal tip 143 as it moves through the 
wound 12. This leaves the free end of the suture 145 and the suture loop 185 extending on the 
near side.27 of the wall 16, while the intermediate suture portion 187 remains on the far 

30 side 30 of the wall 16. Once again, the suture ends on the near side 27 of the wall 16 can be 
tied in any desired configuration to close the wound 12. 
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Having discussed the operative dis^l end of the device 130 in several embodiments, it 
is-now of interest to -return to-the proximo! . Jd 134 and operation of the suture tensioning 
mechanism 158 and stylet operating asseirffcly 161 initially illustrated in Figure 29. 

In Figure 40, the suture-tensioning mechanism 158 is illustrated in the form of 

5 sponge 201 through which the suture 45 is passed as it extends into the shaft 141 . The friction 
between the sponge 201 and the suture 145 maintains sufficient tension on the suture 145 to 
facilitate placement of the suture loop 185 around the stylet tip 163, as discussed with 
reference to Figure 33. Certainly, the function of the suture-tensioning mechanism 158 can 
also be accomplished with other devices and materials providing a coefficient of friction 

10 sufficient to engage the suture 145. Alternatively, the mechanism 158 may include means 
defining a torturous path or other structure adapted to resist movement of the suture 145 in the 
distal direction. 

A preferred embodiment of the stylet-operating assembly 161 is also illustrated in 
Figure 40. In this case, the assembly 161 includes a pair of slides 203 and 205 attached, 

15 respectively, to the stylets 147 and 149. These slides 203 and 205 will typically have a planar 
configuration and will be adapted to move longitudinally within the housing 138 to control 
operation of the respective stylets 147 and 149. 

The slide 205 attached to the stylet 149 has a notch 207 fonned along its inner edge. 
In this particular embodiment, the slide 205 moves generally axially within the housing 138 

20 without any substantial lateral movement. 

By comparison, the slide 203 attached to the stylet 147 also includes a notch 209 
which extends along the inner edge of the slide 203. On the distal side of the slot 209, the 
inner edge of the slide 203 is provided with a ramp 212 which extends distally inwardly 
toward the axis 132. A guide slot 214 is fonned in the slide 203 and keyed to a pin 216 fixed 

25 to the housing 138. In distal portions 218, the slot 214 extends generally axially; however, in 
proximal portions 221, the slot 214 extends proximally inwardly toward the axis 132. With 
the slot 214 thus configured, the slide 203 is adapted to move axially as the slot portions 218 
are keyed to the pin 216, and adapted to move both axially and laterally as the slot 
portions 221 are keyed to the pin 216. 

30 Disposed between the slides 203 and 205 is a third slide 225 having a thumb tab 227 

which extends through the housing 138 and is accessible to the user. The thumb tab 227 is 
movable within a slot 230 defined by the housing 138, the slot including a distal slot 
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portion 232, a proximal slot portion 234. ^hese slot portions 232 and 234 are displaced 
axially from-each other4>y-3~pair-of-ramp. 27,? and 240 which-define-anransition. zone 241 of 
the slot 230. The slide 225 associated witl/the finger tab 227 includes a projection 250 which 
extends toward the slide 203 and a projection 252 which extends toward the slide 205. 
5 In the following discussion, reference will be made to Figures 41-46 in discussing the 

progressive operation of the stylet-operating assembly 161 at the proximal end 136 of the 
suturing device 130. These Figures 41-46 are keyed to Figures 31-36 previously referred to in 
a discussion relating to the stylets 147 and 149 at the distal end 134 of the suturing 
device 130. 

10 In operation, the suturing device 130 is initially positioned as illustrated in Figure 41 

with the thumb tab 227 seated in the slot portion 234, the projection 250 seated in the . 
notch 209, and the pin 216 located at the distal end of the slot portion 218. From this initial 
position, the operator holding the handle 138 can move the thumb tab 227 distally until the 
pin 16 is seated in the proximal end of the slot portion 221, as illustrated in Figure 42. This 

15 will bring the thumb tab 227 into the transition zone 241 and up to the ramp 240. Lateral 
movement of the slide 203, occasioned by the angled configuration of the slot 214, will 
remove the notch 209 from the projection 250 which is then proximate to the ramp 212 on the 
edge of the slide 203. This forward movement of the slide 203 is accompanied by forward 
movement of the stylet 147 as illustrated in Figure 32. 

20 Further movement of the thumb tab 227 in the distal direction causes the thumb 

tab 227 to ride along the ramp 240 thus moving the slide 225 longitudinally and laterally of 
the slide 203. With this position illustrated in Figure 43, the tab 250 of the slide 225 rides 
along the ramp 212 of the slide 203 which remains in the location illustrated in Figure 42. 
The lateral movement of the thumb tab 227 and associated slide 225 causes the 

25 projection 252 to engage the slot 207 in the slide 205. This happens immediately as the 

thumb tab 227 moves along the ramp 240 so that further movement of the thumb tab 227 into 
the slot portion 232 also moves the slide 205 distally. Of course, this distal movement of the 
slide 205 is accompanied by distal movement of the stylet 149 to its distal-most position 
illustrated in Figure 33. This important step is also characterized by the suture loop 185 being 

30 placed over the stylet tip 1 63 as previously discussed. 

Once this step has been accomplished, the user can return the thumb tab 227 to the 
transition zone 241 . As part of this process, the tab 227 will ride up on the ramp 238 and 
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thereby move the slide 225 axially and distally, withdrawing the stylet 149 to the position 
illustrated in Figure 34. Near the end of this distal movement, the thumb tab 227 will ride on 
the ramp 238 moving the associated slide 225 laterally so that the projection 252 disengages 
the notch 207. This disengagement of the notch 207 is accompanied by engagement of the 
notch 209 by the projection 250. Thus, this position of the slides 203 and 205 is 
commensurate with the position of the stylets 247 and 249 illustrated in Figure 34. 

Further movement of the thumb tab in the distal direction moves the slide 203 
proximally until the pin 216 reaches the distal end of the slot 218. This proximal movement 
of the slide 203 is accompanied by proximal movement of the stylet 147 to the position best 
illustrated in Figure 35. In this final position, the thumb tab 227 is seated in the proximal 
portions 234 of the slot 241. 

In a final phase of operation, the suturing device 130 can be totally removed from the 
wound 12 as illustrated in Figure 38. Although the thumb tab 227 remains in its final position 
during this step, the entire device 130 is moved proximally away from the wall 16 leaving the 
suture configuration illustrated in Figures 38 and 40 for the alternative embodiments of those 
figures. 

In several of these embodiments, the stylets 147 and 149 automatically curve on the 
far side 30 of the wall 16 to intersect within the distal end of the shaft 141 . In these 
embodiments, transfer of the suture loop 185 occurs directly. For example, the suture 
loop 185 carried by the stylet 149 is transferred directly to the stylet 143 as illustrated in 
Figure 33. 

It is also within the concept of this invention to provide the stylets 147 and 149 with a 
straight configuration not only on the near side 27 but also on the far side 30 of the wall 16. 
In such an embodiment a suture-transfer mechanism, such as that designated by the reference 
numeral 261 in Figure 47, can be provided to pick up the suture loop 185 from the stylet 149 
and to carry that loop 185 to the stylet 147. In such an embodiment, the stylets 147 and 149 
remained in a spaced relationship and the mechanism 261 merely carries the suture loop 185 
between the spaced stylets 147, 149. 

The suture-transfer mechanism 261, of course, can take many forms. One form 
contemplated includes a tubular stylet 263 extending entirely through the housing 138 
(Figure 29) and the working channel 156 of the shaft 141. This stylet, in a preferred 
embodiment, is movable longitudinally and rotatably along the axis 132 by operation of a 
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proximal knob (not shown). The distal en(l of the stylet 263 is preferably formed with a 
,notch.265 on.its circumference. By-rotat: _ :he stylet 263,-the.notch.265 can be brought into 
proximity with the stylet 149 where it eng^es the suture loop 185 as illustrated in Figure 48. 
Then the stylet 263 can be rotated to move the notch 265 and the engaged suture loop 1 85 into 
5 proximity with the stylet 147, as illustrated in Figures 49 and 50. In accordance with a 

preferred method, the stylet 147 can then advance to engage the suture loop 185, as illustrated 
in Figure 51, and retracted to spread the suture loop 185 between the stylets 147 and 149, as 
illustrated in Figure 52. After transferring the suture loop 1 85 to the stylet 263, the suture- 
transfer mechanism 261 can be withdrawn into the shaft 141. The stylets 147 and 149 can 

10 then be moved proximally and the suturing device 10 withdrawn from the wound 12. 

Variations on this concept might include an embodiment where the stylets 147 and 
149 do not curve toward the axis 132, but rather remain in a generally parallel relationship. In 
such an embodiment, the suture-transfer mechanism 261 would engage the suture loop 185 
and carry the loop over the opposing stylet 147. In such a structure, the suture-transfer 

15 mechanism 261 might take the form of a Nitinol wire axially deployable with a distal end 
laterally extending into proximity with the stylet 149 and rotatable to move the suture 
loop 1 85 into proximity with the stylet 147. 

Although the concept of the arm formed from Nitinol wire is particularly 
advantageous, many other transfer mechanisms will be apparent to those skilled in the art. In 

20 general, any embodiment providing stylets 147 and 149 with a space relationship on the far 
side of the wall 16 can benefit from a transfer mechanism that will engage the suture 145 at 
one spaced location and move the suture 145 to another spaced location on the far side of the 
body wall. 

Most of the foregoing disclosure has been directed to closure of a wound or incision in 
25 a single piece of body tissue referred to as the body wall 16. It should be readily apparent that 
this device is equally advantageous for suturing first and second pieces of body tissue 
designated by the reference numerals 16a and 16b in Figure 52a. These pieces 16a, 16b are 
separated by an area of intersection 266 which may be little more than a plane of 
separation 267. Ideally, if the tissue pieces 16a, 16b are relatively thin, the stylets 147 and 
30 149 can pass through the respective pieces 16a, 1 6b and transfer the suture 145 on the far 
side 30 of the pieces 1 6a and 1 6b. 
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Alternatively, the tissue pieces 16a and 16b may be relatively thick and disposed in 
adjacent contacting relationship as illustr?^ in Figure 52b. In this case, the area of 
separation 266 may only be a plane of separation 267. In this embodiment, providing the 
shaft 141 with the hollow distal tip 143 can be of particular advantage. In this case, the 
5 hollow distal tip 143 can be inserted along the plane of separation 267 to widen the area of 
separation 266 and thereby provide additional space within which the suture transfer can take 
place. 

Having disclosed multiple embodiments of the suture apparatus 10, each offering 
particular advantages to the associated suturing process, it is apparent in several of these cases 

10 that the surgeon is left with four suture ends 74-81 extending from the vessel 1 8 as illustrated 
in Figure 53. The distal suture ends 76, 81 extend through the incision 12 in the wall 16 while 
the proximal suture ends 74, 78 extend through the respective needle holes 125, 127 on either 
side of the incision 12. 

Initially, the suture ends 76, 81 can be tied to form a knot 270 illustrated in Figure 54. 

15 Once this knot 270 is formed, the suture ends 76, 81 form a loop 272 having a first side 274 
and a second side 276 best illustrated in the top view Figure 56. Spreading the loop 272, the 
suture end 74 can be threaded through the loop 272 from the first side 274, and the suture 
end 78 can be threaded through the loop 272 from the second side 276. ;Pulling on the suture 
ends 74 and 78 will draw the knot 270, loop 272, and suture ends 74, 78 into the incision 12 in 

20 a figure-8 configuration. At this point, the suture ends 74 and 78 can be further tied, for 
example, in a square knot 278. 

The figure-8 configuration of the resulting suture is illustrated in the axial cross- 
section view of Figure 32. From this view it is apparent that the figure-8 configuration of the 
suture is of particular advantage as it greatly facilitates disposition of the edges of the 

25 incision 12 in an abutting relationship. With portions of the sutures 32, 34 passing through 
the incision 12, the sides of the incision 12 cannot assume either an overlapping relationship 
or a juxtaposed relationship, which often results from a conventional-loop suture. Once again 
it will be noted that this highly-advantageous suture structure can be accomplished with the 
suture apparatus 10 in a totally blind environment and without any access to the far side 30 of 

30 the wall 16. 

A further embodiment of the invention, illustrated in Figures 58-66, differs from the 
foregoing embodiments in that neither of the needles 70, 72 cany the suture to the far side 30. 
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In this embodiment, elements of structure similar to those previously discussed will be 
designated by the same reference numeral followed by the lower-case letters "b M . For 
example, in Figure 58, the suturing apparatus 10b is illustrated to include a working 
channel 54b and an axis 41b extending between a proximal end 43b and a distal end 45b. The 
5 needles or hooks are designated by the reference numerals 70b and 72b. A tube 47b forms the 
supporting structure and provides a distally-facing surface 48b. 

In Figure 58, the apparatus 10b is illustrated to be operatively disposed between two 
objects 281 and 283, one of which will typically include body tissue. These objects 281 and 
283, which define the near side 27b and far side 30b, may form opposite sides of an incision 

10 in a body conduit such as the femoral vein 1 8b in Figure 60A. Of particular interest to the 
present invention are the slots or guideslots 167b and 170b which extend through the distal 
end of the sheath 47b and into the working channel 54b. These slots are best illustrated in 
Figure 59. As previously mentioned, a guidewire 21b can be used to facilitate the operative 
disposition of the suture apparatus 10b. 

15 Also illustrated in Figure 60A are a pair of actuators 285 and 287 which are axially 

slideable on the sheath 47b to advance and retract an associated one of the hooks 70b and 72b, 
respectively. Thus, movement of the actuators 285, 287 in the distal direction advances the 
hooks 70b and 72b distally into the sheath 470. In an opposite manner, movement of the 
actuators 285, 287 in the proximal direction withdraws the hook 70b and 72 b from the 

20 sheath 47b. 

An initial step of operation is illustrated in Figures 60A and 60B wherein the suture 
apparatus 10b is shown to be operatively disposed, with the tube 87b extending through the 
vessel 1 8b. Initially, the actuators 285 and 287 are disposed in their proximal positions and 
the associated hooks 70b and 72b substantially retracted into the sheath 47b. This initial 
25 placement of the apparatus 10b can be facilitated by threading the working channel 54b onto 
the guidewire 21b, which has been left extending through the wall of the vessel 1 8b from the 
prior procedure. Use of the guidewire 21b in this manner greatly facilitates the initial 
introduction of the apparatus 10b through the wall 1 8b to the operative position illustrated in 
Figures 60A and 60B. 

30 At this point, the guidewire 21b can be removed leaving the suture apparatus 10b in 

place as illustrated in Figures 61 A and 61B. This removal of the guidewire 21b leaves a 
patent working channel 54b which can be of particular advantage in further steps of the 



BNSOOCIO: <WO 99252S4A1_L> 



WO 99/25254 PCTAJS98/24631 

29 

preferred method of operation. For example, a tubular stylet 289 can be introduced into the 
working-channel is preferably 

tubular in configuration and in a preferred embodiment is loaded with a single length of 
suture 291 . This suture 291 extends through the entire length of the stylet 289 to the distal 

5 end where it is formed into multiple suture loops 293, as best illustrated in Figure 61B. 

Although the suture 291 is preferably provided as a single length of material, it is particularly 
advantageous that this single length be formed into multiple suture loops 293 at the distal end 
for purposes discussed in greater detail below. 

At this point in the process, the stylet 289 and suture loops 293 are introduced into the 

10 working channel 54b until the loops 293 are positioned generally between the guideslots 1 67b 
and 170b in the tube 87b. With the stylet 289 and suture loops 293 thus disposed, the 
actuators 285 and 287 can be moved from their distal position illustrated in Figure 60A to a 
proximal position as illustrated in Figure 61 A. This movement deploys the associated 
hooks 70b and 72b, respectively. In the manner previously discussed, deployment of these 

15 hooks 70b, 72b causes them to initially penetrate the objects 281, 283 such as the wall of the 
vessel 18b. Further deployment of the hooks 70b, 72b causes them: to move through the 
respective guideslots 167b, 170b and into the working channel 54b of the apparatus 10b. 
Between the guideslots 167b, 170b, the hooks 70b, 72b pass into the working channel 54b 
where they each engage at least one of the suture loops 293. 

20 With the hooks 70b, 72b deployed and extending into the suture loops 293, the 

stylet 289 can be removed from the sheath 47b. Although the stylet 289 can be easily 
withdrawn, the suture loops 293 will be held in place by the needles 70b, 72b. With the 
loops 293 being retained and the stylet 289 being withdrawn, the single suture 291 is left to 
extend through the working channel 54b, as illustrated in Figure 62A. Tensioning the ends of 

25 the suture 291 will cause the suture loops.293 to draw down on the hooks 70b, 72b in the 
manner best illustrated in Figure 62B. Withdrawing the hooks 70b, 72b by operation of the 
actuators 285, 287 will cause the hooks 70b, 72b to engage individual suture loops 295 and 
297 and to draw these loops out through the respective slots 167b, 170b, and back through the 
objects 1 8 1 , 1 83, as shown in Figures 63A and 63B. 

30 At this point the apparatus JOb can be removed from the objects 181, 183 such as the 

vessel 1 8b. With the apparatus 1 0b removed from the objects 1 8 1 , 1 83, the suture loops 295, 
297 can be disengaged from the hooks 70b, 72b, and the ends of the suture 291 can be 
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withdrawn from the working channel 54b of the apparatus 10b. This penultimate step in the 
preferred method of use is illustrated in F: 0 _;.os 64A and 64B. 

With the ends of the suture 291 extending between the objects 181 and 183, and with 
the suture loops 295, 297 extending through the objects 181 and 183, respectively, the 

5 surgeon is left with two suture ends 291 and two suture loops 295, 297 that can be tied in a 
variety of configurations to facilitate a particular operative procedure. 

Although the foregoing embodiments have been disclosed primarily in a procedure for 
closing an incision in a single piece of tissue, it will be apparent that the closure apparatus 10b 
can be used in more generic procedures. For example, two separate pieces of tissue can be 

10 joined by the apparatus 10b, as illustrated in Figure 65. The separate pieces of tissue may be 
joined, for example, to create an anastomosis. In another procedure, the objects 181 and 183 
may be formed of dissimilar materials. For example, the object 181 could be native tissue, 
while the object 183 could be a prosthetic device such as a heart valve, as illustrated in 
Figure 66. These are merely examples of other types of procedures where the two objects 181 

15 and 1 83 may be separate portions of the same piece of tissue, pieces of different tissues, or 
articles of totally dissimilar materials. In all of these cases, the two objects 1 81 , 1 83 are 
joined by the apparatus 10 which can be operated solely from the near side 27. 

In a further preferred embodiment of the invention, illustrated in Figures 67-7 1 , 
elements of structure similar to those previously discussed are designated by the same 

20 reference numeral followed by the lower-case letter V. For example, in Figure 67, the 
suturing apparatus 10c is illustrated to include a working channel 54c and an axis 41c 
extending between a proximal end 43c and a distal end 45c. The needles or hooks 70c and 
72c are disposed in respective needle channels 50c and 52c. A tube 47c forms a supporting 
structure and provides a distally-facing surface 48c. The objects to be sutured are designated 

25 by the reference numerals 181c and 183c. 

This embodiment of Figure 67 differs from some of those previously disclosed in the 
formation of uni-directional slots 301 and 303 in the respective needles 70c and 72c. The 
suture 291c, which may include a single or double length of suture material, is threaded 
through the working channel 54c and outwardly through the guideslots 167c and 170c to 

30 engage these uni-directional slots 301 and 303 in the respective hooks 70c and 72c. From 
these slots 301 and 303, the ends of the suture 291c can extend into the respective needle 
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channels 50c, 52c, or, alternatively, these ends of the suture 291c can extend outwardly of the 
tube 47c-as illustrated in Figure 67. ~- -' — - "~ r - -■ - - 

As the suture apparatus 10c is initially placed for operation, the distal sheath 87c is 
disposed between the objects 1 81c and 183c with the needles 70c, 72c extending through 

5 these objects 1 8 1 c and 1 83c, respectively. From this initial position, the hooks 70c and 72c 
can be deployed distally to carry opposite sides of the suture 291c through the respective 
objects 181c and 183c. As the needle 70c and 72c move distally, they pass through the 
guideslot 167c and 170c, respectively, and into the working channel 54c. During this step, the 
suture 291c is formed into two suture loops 305 and 307, which extend through the 

10 objects 181c and 183c, respectively. As the needles 70c and 72c extend into the distal 
tube 87c, the slots 301 and 303 carry the suture loops 305 and 307 into the working 
channel 54c, as illustrated in Figure 68. 

From this position, the needles 70c and 72c can be withdrawn proximally. Initially, 
this withdrawal causes the unidirectional slots 301 and 303 to disengage the suture loop 305 

1 5 and 307 leaving these loops within the working channel 54c. The needles 70c and 72c are 
then further withdrawn from the guideslots 67c and 170c and back through the objects 181c, 
183c into the needle channels 50c and 52c, as illustrated in Figure 69. 

With further reference to Figure 69, the uni-directional characteristics of the slots 301 
and 303 can be better understood. In this view, it can be seen that, for example, the slot 303 

20 includes a distally- facing engagement hook 309 and a proximally-facing inclined surface 312. 
Formed by this structure, the slot 303 is uni-directional in that it has characteristics for 
engaging the suture to 291c as it moves in the distal direction, and characteristics for 
disengaging the suture 291c as it slides off of the inclined surface 312 moving in the proximal 
direction. Thus, when the needles 70c and 72c are moved distally, the slots 301 and 303 form 

25 the suture loops 305, 307, and move those loops into the working channel 54c. However, 
when the needles 70c and 72c are withdrawn, the suture loops 305 and 307 are disengaged 
and left within the working channel 54c. 

At this point in the procedure, an obturator in the form of a snare 314 can be moved 
distally through the working channel 54c and beyond the suture loops 305 and 307, as 

30 illustrated in Figure 70. The snare 314 preferably includes a shaft 3 16 and a plurality of 

fingers 3 1 8 extending outwardly from the shaft 3 1 6 and facing proximally. These fingers 3 1 8 
also provide the snare 314 with uni-directional characteristics in that the snare 314 can be 
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moved distally beyond the suture loops 3Q5 and 307 without engaging the suture loops. 
-However, -as-the snare- 3 14 is-withdrawn h . ..imally^the fingers 318 engage the suture 
loops 305 and 307 and draw them back though the working channel 54c in the manner 
illustrated in Figure 71. 

5 After the suture loops 305 and 307 have been drawn back through the objects 181c and 

183c, the entire suture apparatus 10c can be removed leaving the suture 291c and suture 
loops 305 and 307 substantially in the form illustrated in Figure 64. At this point the surgeon 
can tie any appropriate suture knot in order to join the objects 181c and 183c. 

Further embodiments of the invention, illustrated in Figures 72-74, are particularly 

10 adapted for use in open surgery where there is usually greater accessibility to the objects to be 
joined or sutured. In these embodiments, elements of structure similar to those previously 
disclosed will be designated by the same reference numerals followed by the lower-case 
letter "d". 

Even in open surgery conditions, it is often necessary to deliver sutures to precise 

15 locations that are hard to reach or that are stressful or repetitive. These conditions often exist, 
for example, in minimally invasive surgeries where the suturing apparatus lOd, illustrated in 
Figure 72, can be of particular advantage. In this embodiment, the suturing apparatus lOd 
includes but a single needle 70d that is used to suture the object 181d to the object 183d. In 
the illustrated embodiment, the object 181 may comprise tissue while the object 183 may 

20 comprise a prosthetic valve or other surgical appliance having a suture ring, flange, or a suture 
cuff 330. In other respects, this embodiment is similar to that of Figure 61 A where an 
obturator or stylet 289d provides multiple suture loops 293d within the working channel 54d. 
As in the previous embodiment, the needle 70d follows a path through the tissue or 
object 1 81d and the suture cuff 330 into the working channel 54d where it engages one of the 

25 suture loops 293d. Withdrawing the needle 70d along its path pulls the suture loop 293d back 
through the suture cufT330 and the object 181. Proximal withdrawal of the apparatus lOd 
permits tying of the suture and joining of the objects 181d and 183d. It can be seen that in 
this case, a single needle embodiment is preferred in order to delivery multiple sutures around 
the perimeter of the suture cuff 330. 

30 It will be appreciated that the tissue or object 181d can be joined to the suture cuff330 

by any of the foregoing embodiments including that illustrated in Figure 67 where the 
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needle 70d would carry the suture through the objects 181d, 183d and into the working 
-channel -54d-where-the;suture would be withdrawn by a snare (not shown). 

Another embodiment which may be particularly advantageous in open surgery 
conditions is that illustrated in Figure 73, wherein like elements of structure are designated by 

5 the same reference numeral followed by the lower-case letter "e". 

As in previous embodiments, the apparatus lOe of this embodiment includes an outer 
tube or sheath 47e having a distally-facing surface 48e. A supporting structure or tube 87e 
extends distally of the surface 48e and defines the working channel 54e. In this combination, 
at least one bolster or pledget 332 is provided. Pledgets are well-known for their advantage in 

10 reducing the stress concentrations which develop between a fine suture and the associated 
tissue or object through which it passes. The pledget 332 in this case is disposed in the path 
of the needle 70e so the suture passes through the pledget where it enters or exits the tissue or 
objects 18 le, 183e. The pledget 332 can be provided with an aperture 334 which provides a 
snug fit around the support structure or tube 87e. A second pledget 336 having an 

15 aperture 338 can also be mounted on the tube 87e at a spaced distal location as illustrated in 
Figure 73. 

With the pledgets 332, 336 having a frictional relationship with the support tube 87e, 
they will commonly be mounted prior to moving the suturing apparatus lOe into its operative 
position relative to the object 181. This movement of the apparatus lOe relative to the 

20 object 1 8 1 e is best illustrated in Figure 73 by an arrow 34 1 . When the apparatus 1 Oe and 
object 81e are moved relative to each other along the arrow 341, the object 181e is brought 
into the path of the needle 70e between the pledgets 332 and 336. In a similar manner, the 
object 183e can be moved laterally along an arrow 343 into the path of needle 72e between 
the pledgets 332 and 336. With the objects 181e, 183e properly disposed, operation of the 

25 needles 70e, 72e as previously discussed will cause their movement from a withdrawn 
position illustrated in Figure 73 to an advanced position illustrated in Figure 74. As 
previously discussed, this movement will typically be characterized by the distal end of the 
needles 70e and 72e passing through guideslots 167e and 170e and into the working 
channel 54e. Suture loops 293e disposed within the working channel 54e can then be 

30 withdrawn by the needles 70e, 72e and back through the objects 181e, 183e, and pledgets 336, 
332. Once again, any of the foregoing embodiments of the suturing apparatus 10 might be 
advantageously combined with pledgets 332, 336 in a particular operative procedure. 
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In another embodiment illustrated in Figure 75, elements of structure similar to those 
previously discussed will.be-designated b" *>?:same reference numeral-followed by the lower- 
case letter M f \ This embodiment comprising an outer sheath 47f, a support tube 87f, and 
needles 70f and 72f, also includes a radial enlargement which functions as a backing 350. 

5 This backing 350 is commonly spaced distally of the surface 48f associated with the tube 47f 
As illustrated in Figure 75, the objects 181f and 183f are operatively disposed in the path of 
the needles 70f and 72f between the surface 48f and the backing 350f. With this orientation, 
deployment of the needles distally through the objects 181f, 183f and the pledgets 332f and 
336f is facilitated by the backing 350 which holds these elements in place against the force of 

10 the needles 70f and 72f. The backing 350 can be provided in the form of wires or plastic and 
may be deployed from a low-profile state to a high-profile state by operation of elements at 
the proximal end of the apparatus lOf The backing 350 may be deployed for example from a 
low-profile position within the working channel 54f outwardly through the guideslots 167f, 
1 70f or through other slots provided in the support structure or tube 87f. Once again, any of 

15 the foregoing embodiments, particularly those including the pledgets 332 and 336 may benefit 
from the backing 350 illustrated in Figure 75. 

Although several embodiments of the apparatus 10 have been disclosed, along with 
the associated methods, it will be appreciated that many modifications in these structures and 
methods will be apparent to those skilled in the art. For example, the mesh disclosed for one 

20 embodiment of the expandable structure 92 may be a woven or non-woven material 

commonly consisting of a multiplicity of fibers which define interstices of the mesh material. 
In such a structure, it may be that the needles 70, 72 will penetrate the interstices of the mesh 
so that the capture of the suture ends is somewhat more difficult. In such an embodiment, it 
may be desirable to coat the mesh material of the expandable structure 92 so that the mesh in 

25 the low-profile state firmly captures the suture ends 76, 8 1 . As noted, this capture may occur 
when the expandable structure 92 is merely returned to its low-profile state. If the capture is 
sufficient at this point, the entire suture apparatus can be removed, drawing with it the suture 
ends 76, 81 . In embodiments wherein the capture is not sufficiently effected by returning the 
structure 92 to a low-profile state, it may be Anther desirable to draw the structure 92 back 

30 into the sheath 47 to further compress the structure around the suture ends 76, 8 1 . 

It will also be apparent that many of the functions associated with the finger tabs 61, 
63, 64, and 65 can be combined. For example, the finger tabs 61 and 65 associated with the 
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needles 70, 72 can be combined into a single tab. In a further embodiment that single tab 
rmight-also beicombined with.the.tab=63, -'^h.deploys the structure .92 to its high-profile, 
radially-expanded state. When these threo'functions are combined in a single finger tab, it is 
desirable that the initial proximal movement of that tab first deploy the expandable 
5 structure 92 and then advance the needles 70, 72. Movement of the single tab in the proximal 
direction would first retract the needles and then permit the expandable structure 92 to return 
to the low-profile state. A detent might be provided on such a tab at its most proximal 
position in order to maintain the suture ends 76, 81 in the captured state during removal of the 
suture apparatus 10. 

10 The handle assembly 56 can also take many forms. In addition to the form illustrated 

in Figure 1, this handle assembly 56 could take the form of a pistol grip or even a scissors- 
type handle such as that commonly associated with graspers. 

Although the foregoing embodiments have each disclosed a two-needle construction, 
it will be apparent that the suture apparatus 10 can function with only one needle and more 

15 than two needles. In most cases, the total number of needles will be a multiple of two, 
particularly where the procedure is terminated with a four-end knot of the type disclosed. 
With multiple-needle embodiments, the needles will typically be arranged in a predetermined 
pattern. For example, a pattern where associated pairs of the needles are disposed on opposite 
sides of the wound or incision. 

20 In a particular procedure, it might be desirable to replace the knot with some other 

type of retention member or device. For example, a crimp ring (not shown) might replace 
either the knot 130 or the square knot 138 to join the associated suture ends 76, 81 and 74, 78, 
respectively. 

It will be understood that many other modifications can be made to the various 
25 embodiments of the present invention herein disclosed without departing from the spirit and 
scope thereof. For example, various sizes of the surgical device, and particularly the outer 
sheath 47, are contemplated as well as various types of construction materials. Also, various 
modifications may be made in the configuration of the parts and their interaction. Therefore, 
the above description should not be construed as limiting the invention, but merely as an 
30 exemplification of preferred embodiments thereof. Those of skill in the art will envision other 
modifications within the scope and spirit of the present invention as defined by the following 
claims. 
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CLAIMS 

1 . A suturing apparatus for closing an incision or wound defined by a tissue wall 
having a near side and a far side, comprising: 

an elongate support structure having an axis extending between a proximal end 
and a distal end; 

5 a receiver disposed at the distal end of the support structure, the receiver being 

sized and configured to fit through the incision and having properties for providing structural 
support for the tissue wall on the far side of the tissue wall; 

a suture operatively disposed with a first end in proximity to the distal end of 
the support structure and a second end operatively disposed in proximity to the proximal end 
1 0 of the support structure; 

a carrier movable relative to the support structure and adapted to move the first 
end of the suture through the tissue wall surrounding the incision and into the receiver; 

the receiver having characteristics for capturing the first end of the suture; 

whereby 

15 removal of the apparatus from the incision facilitates a proximal relationship 

between the first end of the suture and the second end of the suture with the suture extending 
through the tissue and the incision or wound. 

2. The apparatus recited in Claim 1 wherein: 

the receiver has a first state and a second state; 

the receiver in the first state has a low profile facilitating insertion of the 
receiver through the incision; and 
5 the receiver in the second state has a high-profile facilitating movement of the 

first end of the suture into the receiver. 

3. The apparatus recited in Claim 2 wherein the elongate support structure 
comprises a tube and the apparatus further comprises: 

an elongate actuator disposed within the tube and operable to move the 
receiver between the first state and the second state. 
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4. The apparatus recited in Claim 3 wherein the carrier comprises a needle and 
the suture is threaded through the needle. 

5. The apparatus recited in Claim 4 wherein the needle has a lumen and the suture 
is threaded through the lumen of the needle. 

6. The apparatus recited in Claim 4 wherein: 
the needle is movable along a path; 

the receiver in the first state is removed from the path of the needle; and 
the receiver in the second state is disposed in the path of the needle to receive 
5 the first end of the suture. 

7. The apparatus recited in Claim 1 wherein the receiver comprises at least one of 
a mesh, an elastomer, a foam structure, and an inflatable structure. 

8. The apparatus recited in Claim 2 wherein the receiver has memory 
characteristics biasing the receiver to the second state. 

9. A method for closing an incision defined by surrounding tissue forming a body 
wall having a near side and a far side, comprising the steps of: 

inserting a receiver through the incision from the near side to the far side of the 

body wall; 

5 supporting the tissue with the receiver on the far side of the body wall; 

providing a suture having a first end and a second end; 
moving the first end of the suture from the near side of the body wall through 

the surrounding tissue; 

during the moving step imbedding the first end of the suture in the receiver on 

10 the far side of the wall; 

capturing the first end of the suture in the receiver to form a removable 
attachment between the first end of the suture and the receiver; 

withdrawing the receiver and the first end of the suture from the far side of the 
wall through the incision to the near side of the wall; and 
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1 5 removing the first end of the suture from the receiver to bring the first end of 

the suture into proximity with-ttte- second end of-the-suture-with thersuture extending through 
the surrounding tissue and the incision. 

10. The method recited in Claim 9 wherein the moving step comprises the steps of: 
providing a needle having a lumen; 

threading the suture through the lumen of the needle; and 
moving the needle and the first end of the suture through the surrounding tissue 
5 and into the receiver on the far side of the wall. 

1 1 . The method recited in Claim 1 0 wherein: 

the step of moving the needle includes the step of moving the needle along a 

path; and 

after the inserting step, the method includes the step of expanding the receiver 
5 into the path of the needle. 

12. The method recited in Claim 9 wherein the inserting step includes the steps of: 
providing a guidewire; 

positioning the guidewire to extend through the incision; and 
inserting the receiver over the guidewire and through the incision from the near 
5 side of the wall to the far side of the wall. 

13. The method recited in Claim 9 wherein prior to the moving step the method 
comprises the step of radially expanding the receiver. 

14. The method recited in Claim 13 wherein the step of radially expanding the 
receiver includes the step of radially stretching the receiver. 

15. The method recited in Claim 13 further comprising the steps of providing the 
receiver with memory characteristics; and 

the step of radially expanding the receiver includes the step of pennitting the 
memory characteristics of the receiver to radially expand the receiver. 
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^16r^^T-he~method^Gited«inCbi::. -I 1 wherein following the expanding step, the 

receiver is in an expanded state and the withdrawing step further comprises the step of 
withdrawing the receiver in the expanded state from the far side of the wall through the 
incision to the near side of the wall. 

1 7. A suturing device for closing a wound in body tissue having a near side and a 
far side, including: 

a shaft having an axis extending between a proximal end and a hollow distal 
end, the distal ehd of the shaft being adapted for movement from the near side of the body 
5 tissue, through the wound, to the far side of the body tissue; 
a suture; 

a first stylet operable from the proximal end of the shaft for carrying the suture 
from the near side of the body tissue into the hollow distal end of the shaft; 

a second stylet operable from the proximal end of the shaft for engaging the 
10 suture within the hollow distal end of the shaft and for moving the suture from the far side of 
the body tissue to the near side of the body tissue; whereby 

the suture can be tied on the near side of the body tissue to close the wound. 

18. The suturing device recited in Claim 17, wherein: 

the shaft has an operative position wherein first portions of the shaft are 
disposed on the near side of the body tissue and second portions of the shaft are disposed on 
the far side of the body tissue; 
5 at least one of the first stylet and the second stylet has a generally straight 

configuration in proximity to the first portion of the shaft; and 

at least one of the first stylet and the second stylet has a generally curved 
configuration in proximity to the second portion of the shaft. 

19. The suturing device recited in Claim 1 8 wherein: 

the first stylet and the second stylet have a non-intersecting relationship in 
proximity to the first portions of the shaft; and 
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the first stylet and the second stylet have an intersecting relationship in 
5 proximity to the second-portions-of-the sl.SZ* - " - - — ~ — — *- - J- 

20. The suturing device recited in Claim 1 7, further comprising: 

portions of the first stylet defining a hole sized and configured to receive the 

suture; and 

portions of the second stylet defining a hook sized and configured to engage 
5 the suture within the hollow distal end of the shaft. 

2 1 . The suturing device recited in Claim 1 7, wherein: 

the first stylet is movable along a first path to cany the suture from the near 
side of the body tissue to the far side of the body tissue; 

the second stylet is movable along a second path to move the suture from the 
5 far side of the body tissue to the near side of the body tissue; and 

at least one of the first path of the first stylet and the second path of the second 
stylet is curved on the far side of the body tissue. 

22. The suturing device recited in Claim 1 7, further comprising: 

first portions of the shaft defining a first guide slot along the distal end of the 

shaft; 

second portions of the shaft defining a second guide slot opposing the first 
5 guide slot along the distal end of the shaft; 

the first stylet being operable to move the suture from outside the shaft, 
through the first guide slot, and into the hollow distal end of the shaft; 

the second stylet being operable to move from outside the shaft into the second 
guide slot to engage the suture inside the hollow distal end of the shaft; and 
10 the first guide slot and the second guide slot being positioned along the distal 

end of the shaft to guide the first stylet and second stylet into an intersecting relationship. 

23. A suturing device for closing a wound in body tissue having a near side and a 
far side, including: 
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a shaft having an axis extending between a proximal end and a distal end; 
first and second stylet, each extendable from a first position on the near side of 
5 the body tissue to a second position on the far side of the body tissue; 
a suture; 

the first stylet being operable from the proximal end of the shaft for carrying at 
least a portion of the suture between the first position and the second position; 

the second stylet being operable from the proximal end of the shaft to engage 
10 the suture portion at the second position and to move the suture portion to the first position; 

the first stylet and the second stylet having a generally spaced relationship in 
the first position on the near side of the body tissue; and 

the first stylet and the second stylet have generally intersecting relationship at 
the second position on the far side of the body tissue. 

24. The suturing device recited in Claim 23, wherein: 

the second stylet is curved to intersect the first stylet in order to engage the 
suture portion at the second position. 

25. The suturing device recited in Claim 24, wherein: ■ * Li- 
the second stylet intersects the first stylet within the distal end of the shaft. 

26. The suturing device recited in Claim 23, further comprising: 

portions of the first stylet define a hole sized and configured to receive the 
suture at the first position; and 

portions of the second stylet define a hook sized and configured to engage the 

5 suture portion at the second position. 

27. The suturing device recited in Claim 23, wherein: 

the first stylet is movable along a first path to cany the suture from the near 
side of the body tissue to the far side of the body tissue; 

the second stylet is movable along a second path to engage the suture on the far 
5 side of the body tissue and to move the suture to the near side of the body tissue; and 
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body-tissue. 



28. The suturing device recited in Claim 23, further comprising: 

first portions of the shaft defining a first guide slot along the distal end of the 



shaft; 



second portions of the shaft defining a second guide slot opposing the first 
5 guide slot along the distal end of the shaft; 

the first stylet being movable from outside the shaft through the first guide slot 
to carry the suture portion to the second position; and 

the second stylet being movable from outside the shaft through the second 
guide slot to engage the suture portion at the second position and to move the suture portion to 
10 the first position. 

29. A suturing device for closing a wound in body tissue having a near side and a 
far side, comprising: 

a suture; 

a shaft having an axis extending between a proximal end and a distal end; 
5 a first stylet including portions defining a hole sized and configured to receive 

the suture, the first stylet being operable from the proximal end of the shaft and movable 
relative to the shaft to carry the suture from a first position on the near side of the body wall to 
a second position on the far side of the body wall; and 

a second stylet including portions defining a hook sized and configured to 
10 engage the suture on the far side of the body wall, the second stylet being operable from the 
proximal end of the shaft to engage the suture with the hook and to withdraw the suture from 
the far side of the body wall to the near side of the body wall. 

30. The suturing device recited in Claim 29 wherein the second stylet is adapted to 
intersect the first stylet in order to engage the suture with the hook and to withdraw the suture 
from the far side of the body wall to the near side of the body wall. 
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first stylet within the-distal end of the- shaft. — tt_- -r_-_:i — ■-- - . • 

32. The suturing device recited in Claim 29, wherein: 

the first stylet is movable along a first path to carry the suture from the near 
side of the body tissue to the far side of the body tissue; 

the second stylet is movable along a second path to engage the suture on the far 
side of the body tissue and to move the suture to the near side of the body tissue; and 

at least one of the first path and the second path is curved on the far side of the 

body tissue. 

33. The suturing device recited in Claim 29, further comprising: 
first portions of the shaft defining a first guide slot; 
second portions of the shaft defining a second guide slot; 

the first stylet being movable from outside the shaft through the first guide slot 
to carry the suture into the distal end of the shaft; and 

the second stylet being movable from outside the shaft through the second 
guide slot to engage the suture within the distal end of the shaft. 

34. The suturing device recited in Claim 33 wherein the first portions of the shaft 
define the first guide slot along a first side of the shaft; 

the second portions of the shaft define the second guide slot along a second 

side of the shaft; and 

the first side of the shaft is disposed opposite to the second side of the shaft. 

35. A suturing device for closing a wound in body tissue having a near side and a 
far side, comprising: 

a suture; 

a shaft having an axis extending between a proximal end and a distal end; 
a first stylet movable along a first path to carry the suture from the near side of 
the body tissue to the far side of the body tissue; 



&925254A1 I > 



WO 99/25254 PCI7US98/24631 

44 

a second stylet movable alopg a second path to engage the suture on the far 
-side of the body tissue and to move the s;.'.„.j to the near side of the body tissue; and 

at least one of the first path and second path being curved on the far side of the 

10 body tissue. 

36. The suturing device recited in Claim 35 wherein both the first path and the 
second path are curved on the far side of the body tissue. 

37. The suturing device recited in Claim 35 wherein at least one of the first path 
and the second path on the near side of the body tissue is generally parallel to the axis of the 
shaft. 

38. The suturing device recited in Claim 35 wherein the first path and the second 
path on the near side of the body tissue are disposed on opposing sides of the shaft. 

39. The suturing device recited in Claim 36 wherein the first path and the second 
path cross the axis of the shaft on the far side of the body tissue. 

40. The suturing device recited in Claim 39 wherein the first path intersects the 
second path generally along the axis of the shaft on the far side of the body tissue. 

41 . The suturing device recited in Claim 40 wherein the first path and the second 
path intersect at a point disposed generally along the axis of the shaft 

42. The suturing device recited in Claim 41 wherein the first path and second path 
are curved at the point of intersection. 

43. A method for operating a suture device to close a wound in body tissue having 
a near side and a far side, comprising the steps of: 

providing the suturing device with a shaft and first and second stylets movable 
relative to the shaft between the far side and the near side of the body tissue; 
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attaching a suture to the first stylet on the near side of the body tissue; 
: _moving4he-first stylet -and a portion of the attached suture from the near side of 



the body tissue to the far side of the body tissue; 

moving the second stylet from the near side of the body tissue to the far side of 
the body tissue; 

10 coupling the suture portion on the far side of the body tissue to the second 

stylet; 

moving the second stylet and the coupled suture portion from the far side of the 
body tissue to the near side of the body tissue; and 

tying the suture on the near side of the body tissue to close the wound. 

44. The method recited in Claim 43 wherein the attaching step includes the step of 
threading the suture through a hole in the first stylet. 

45. The method recited in Claim 43, wherein: 

the first moving step includes the step of moving the first stylet through the 
body tissue adjacent to the wound from the near side of the body tissue to the far side of the 
body tissue; and 

5 the second moving step includes the step of moving the second suture through 

the body tissue at a location proximal to the wound from the near side of the body tissue to the 
far side of the body tissue. 

46. The method recited in Claim 43 wherein the coupling step includes the step of 
coupling the suture on the far side of the body tissue with hook-defining portions of the 
second stylet. 

47. The method recited in Claim 43, wherein: 

the providing step includes the step of forming first and second guide slots at 
the hollow distal end of the shaft; 

the first moving step includes the step of moving the first stylet through the 

5 first guide slot; and 
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the second moving step includes the step of moving the second stylet through 
the second guide slot, - - : ~ — r - : c: — :i. — \\. 

48. The method recited in Claim 43, wherein the engaging step includes the step 

of: 

providing a suture-transfer mechanism; 

operating the suture-transfer mechanism to couple the suture portion in 
5 proximity to the first stylet on the far side of the body tissue; 

operating the tissue-transfer mechanism to move the suture portion into 
proximity with the second stylet on the far side of the body wall; and 

coupling the suture portion to the second stylet on the far side of the body wall. 

49. A method for operating a suture device to join a first piece of body tissue to a 
second piece of body tissue, the first piece being separated from the second piece generally by 
a plane of intersection, the method comprising the steps of: 

providing the suture device with a shaft, and first and second stylets movable 
5 relative to the shaft; 

attaching a suture to the first stylet, moving the first stylet and a portion of the 
attached suture through the first piece of body tissue and across the (area) of intersection; 

moving the second stylet through the second piece of body tissue and into the 
area of intersection; 

10 coupling the suture portion from the first stylet to the second stylet in the area 

of intersection; 

moving the second stylet and the coupled suture portion from the area of 
intersection outwardly through the second piece of body tissue; and 

tying the suture to join the first and second pieces of body tissue. 

50. The method recited in Claim 49, further comprising the steps of: 

during the providing step, providing the shaft of the suturing device with a 
hollow distal end; and 

prior to the moving steps, inserting the hollow distal end of the shaft into the 

5 area of intersection. 
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5 1 . The method recited in CL! ^0, fiuther comprising the steps of: 

during the second providing step, providing the hollow distal end of the shaft 
with first and second guide slots; 

during the first moving step, moving the first stylet through the first guide slot 
5 into the hollow distal end of the shaft; and 

during the second moving step, moving the second stylet through the second 
guide slot into the hollow distal end of the shaft, 

52. The method recited in Claim 50 wherein the coupling step includes the steps 

of: 

providing a suture transfer mechanism in proximity to the first stylet and the 

second stylet; 

5 operating the suture-transfer mechanism to move the suture portion from the 

first stylet into proximity with the second stylet; and 

removably attaching the suture portion to the second stylet. 

53. A suturing apparatus, comprising: 

an elongate support structure having a working channel and an axis extending 
from a proximal end to a distal end; 

a suture disposed in the working channel and forming at least one loop in the 
5 distal end of the support structure; 

at least one pair of hooks movable between a proximal position at the proximal 
end of the structural support and a distal position at the distal end of the structural support; 

at least one actuator disposed at the proximal end of the structural support and 
operable for moving the hooks from the proximal position to the distal position; 
10 the hooks in the distal position extending to engage the suture within the 

working channel of the support structure; and 

the actuator being operable to move the hooks and the engaged suture from the 
distal position at the distal end of the supporting structure to the proximal position at the 
proximal end of the supporting structure. 
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54. The apparatus recited in Claim 53, further comprising: 
portions of the support structure defining at least a pair of slots at the distal end 



of the support structure; and 

the hooks extending through the slots to engage the suture in the working 
5 channel of the support structure. 

55. The apparatus recited in Claim 54, further comprising: 

stylet disposed in the working channel of the support structure and adapted to 
cany the suture into proximity with the slots at the distal end of the supporting structure. 

56. The apparatus recited in Claim 55, wherein: 

the at least one actuator is a first actuator adapted to move one of the pair of 
hooks between the proximate position and the distal position; and 

the apparatus further comprises a second actuator adapted to move the other of 
5 the pair of hooks between the proximal position and the distal position. 

57. The apparatus recited in Claim 55, further comprising a plurality of loops 
formed by the suture at the distal end of the support structure. 

58. A method for suturing two objects defining a near side and a far side, at least 
one of the objects comprising body tissue, the method comprising the steps of: 

providing an elongate structural support having a working channel and an axis 
extending from a proximal end to a distal end; 
5 providing a suture extending within the working channel from the proximal 

end of the support structure to the distal end of the support structure; 

inserting the structural support between the two objects to an operative position 
wherein the proximal end of the structural support is disposed on the near side and the distal 
end of the structural support is disposed on the far side; 
10 moving a pair of hooks through the objects to engage the suture in the working 

channel of the structural support on the far side; 
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withdrawing the hooks and the engaged suture through the objects to provide at 
least a pair of suture ends on the near side ~ r !he objects; and 

tying the suture ends on the near side of the objects to join the two objects. 

59. The method recited in Claim 58, wherein the step of providing a suture 
comprises the steps of: 

inserting a stylet into the working channel of the structural support; and 
moving the suture from the proximal end of the structural support to the distal 
5 end of the structural support. 

60. The method recited in Claim 58, wherein the inserting step comprises the step 

of: 

positioning the supporting structure from the near side of the objects to the far 
side of the objects over a guidewire disposed between the two objects. 

61 . The method recited in Claim 60, wherein the step of providing a suture 
comprises the steps of: 

removing the guidewire from the structural support in the operative position; 

and 

5 inserting a stylet into the working channel of the supporting structure to 

position the suture at the distal end of the structural support. 

62. The method recited in Claim 58, further comprising the steps of: 

providing a pair of slots extending into the working channel at the distal end of 
the supporting structure; and 

during the moving step moving the hooks through the objects and the slots to 
5 engage the suture in the working channel of the supporting structure. 

63. A suturing apparatus, comprising: 

an elongate support structure having a working channel and an axis extending 
between a proximal end and a distal end; 
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at least one pair of hooks movable between a proximal position at the proximal 
5 end of the support structure and a distal position at the distal end of the support structure; 

at least one actuator connected to the hooks and operable from the proximal 
end of the support structure to move the hooks between the proximal position and the distal 
position; 

at least one suture disposed in the working channel and extending to the hooks 
10 in the proximal position; 

the actuator being operable to move the hooks from the proximil position to 
the distal position and to form suture loops in the working channel of the support structure; 
and 

a snare movable proximally to engage the suture loops within the working 
1 5 channel and to withdraw the suture loops proximally through the working channel. 

64. A method for suturing two objects defining a near side and a far side, at least 
one of the objects comprising body tissue, the method comprising the steps of: 

providing an elongate structural support having a working channel and an axis 
extending between a proximal end and a distal end; 
5 inserting the support structure between the two objects to an operative position 

wherein the proximal end of the support structure is disposed on the near side and the distal 
end of the support structure is disposed on the far side; 

providing at least one pair of hooks movable from a proximal position to a 

distal position; 

10 threading a suture from the working channel with separate portions of the 

suture extending through the hooks; 

moving the hooks and the respective suture portions through the objects to the 
distal position of the hooks to form suture loops in the distal end of the support structure; 

withdrawing the hooks leaving the suture loops in the distal end of the support 



15 structure; 



engaging the suture loops at the distal end of the support structure; 
withdrawing the support structure and suture loops from the object; and 
connecting the suture to join the objects. 
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65. A suturing device for joining a first object and a second object in a surgical 
procedure, comprising: — — — 1 

an elongate support structui^ having a working channel and an axis extending 
from a proximal end to a distal end; 
5 a suture; 

at least one needle having a distal end operable from the proximal end of the 
support structure to move along a path between a withdrawn position and an advanced 
position; 

the distal end of the needle in the withdrawn position being disposed outside 
10 the support structure, and in the advanced position being disposed within the working channel 
of the support structure; 

at least one pledget disposed around the support structure in the path of the 

needle; 

the device being adapted for operative disposition with the first object disposed 
15 in the path of the needle distally of the pledget; 

an obturator movable within the working channel of the support structure to 
alternatively carry the suture into the working channel or out of the working channel; whereby 

- operation of the needle causes the distal end of the needle to move from the 
withdrawn position through the pledget and the object and into the working channel of the 
20 support structure to alternatively withdraw the suture from the working channel or carry the 
suture into the working channel. 

66. The suturing device recited in Claim 65, wherein the at least one pledget is a 
first pledget, and the device further comprises: 

a second pledget disposed around the support structure distally of the first 
pledget and in the path of the needle. 

67 The suturing device recited in Claim 66 wherein the device is adapted for 
operative disposition with at least the first object in the path of the needle distally of the first 
pledget and proximally of the second pledget. 
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68. The suturing device recitei^in Claim 66, further comprising: 

= — - ^-a-backing member dispel ;istally of the second pledget to support at least 

the second pledget when the needle passed distally along the path. 
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